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ABSTRACT

THE EFFECTS OF ENGINEERING DESIGN BASED INSTRUCTION ON
7TH GRADE STUDENTS’ NATURE OF ENGINEERING VIEWS AND
ATTITUDES TOWARDS STEM

Aydogan, Berna
Master of Science, Science Education in Mathematics and Science Education
Supervisor: Prof. Dr. Jale Cakiroglu

July 2019, 215 pages

The purpose of the study was to investigate the effects of engineering design-based
instruction on 7™ grade students’ nature of engineering (NOE) views and attitudes
towards STEM. The sample of the present study was 41 students of 7" grade in a
public middle school in Ankara, in which 24 of them were experimental group and
17 of them were comparison group. The sample was chosen by using convenience
sampling from public middle schools in Ankara. In comparison group, curriculum-
based instruction was taught on “Force and Energy” topic, while engineering design-
based instruction was taught on the same unit in experimental group. Quantitative
research to evaluate students’ nature of engineering view and attitudes towards
STEM was operated through two different questionnaires as pre- and post-test.
Moreover, quantitative data results were supported by analyzing change on students’
nature of engineering views qualitatively. The results of the questionnaires were
used for statistical analysis to analyze whether there is an effect of engineering
design-based instruction on 7™ students’ nature of engineering views and attitudes
towards STEM. The results of the study presented that there was a significant effect
of engineering design-based instruction on the students’ nature of engineering

(NOE) views. Moreover, the results of qualitative data in the study revealed that the



engineering design-based instruction developed views for various NOE aspects of
the students positively. On the other hand, there was no any significant effect of the

instruction on the students’ attitudes towards STEM.

Keywords: Engineering Design-Based Instruction, Nature of Engineering (NOE),
STEM, Attitude
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0z

. MUHENDISLIK TASARIM TEMELLiI OGRETIMIN 7. SINIF
OGRENCILERININ MUHENDISLIGIN DOGASI GORUSLERI VE STEM E
YONELIiK TUTUMLARINA ETKILERI

Aydogan, Berna
Yiiksek Lisans, Fen Bilimleri Egitimi / Matematik ve Fen Bilimleri Egitimi
Tez Danigmani: Prof. Dr. Jale Cakiroglu

Temmuz 2019, 215 sayfa

Bu calismanin amaci miihendislik tasarim temelli 6gretimin 7. sinif dgrencilerinin
mithendisligin dogas1 goriisleri ve STEM’e yonelik tutumlarina olan etkilerini
incelemektir. Calismaya Ankara ilindeki bir devlet okulunda 6grenim goren 41 7.
smif O0grencisi katilmigtir. Caligmanin 6rneklemi Ankara ilindeki devlet okullar
arasindan uygun Ornekleme yontemi kullanilarak sec¢ilmistir. Caligmanin
karsilastirma grubunda “Kuvvet ve Eneji” {nitesi hakkinda var olan Ogretim
programi temelli 6gretim uygulanirken, deney grubunda ise ayni linite hakkinda
mihendislik tasarim temelli G6gretim uygulanmistir. Nicel arastirma yOntemi
kullanilarak 6grencilerin miihendisligin dogas1 goriisleri ve STEM’e yonelik
tutumlar iki ayr 6lgegin 6n ve sontest olarak uygulanmasi ile belirlenmistir. Ayrica,
ogrencilerin miihendisligin dogas1 goriislerindeki degisim nitel arastirma boyutunda
incelenerek nicel aragtirma yontemi desteklenmistir. Miihendislik tasarim temelli
Ogretimin Ogrencilerin miihendisligin dogas1 goriisleri ve STEM’e yonelik
tutumlarina etkisinin olup olmadigini incelemek amaciyla istatistiksel analizler
yaptlmistir. Bu ¢alismanin sonuclari miihendislik tasarim temelli 6gretimin
ogrencilerin miihendisligin dogast gorlislerine anlamli etkisinin oldugunu

gostermistir. Ayrica, nitel boyuttaki verilerin sonuglart miithendislik tasarim temelli

vii



Ogretimin Ogrencilerin  birgok mihendisligin dogas1 yonlerini positif yonde
gelistirdigini gostermistir. Diger yandan, sonug¢lar miihendislik tasarim temelli
Ogretimin Ogrencilerin STEM’e yonelik tutumlarina anlamli etkisinin olmadigini

gostermistir.

Anahtar Kelimeler: Miihendislik Tasarim Temelli Ogretim, Miihendisligin Dogast,
STEM, Tutum
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CHAPTER 1

INTRODUCTION

1.1. Introduction

Knowledge and technology have gained importance in the living century in the
process of time. Many changes and innovations have been made in the extent of
technology and knowledge. Countries have showed economic development with these
improvements and showed a great rise among other countries. When we look at the
developed countries such as USA, Holland, Sweden or Germany, all these countries
have great economic infrastructure. Therefore, technology and knowledge are
important aspects to improve the future of a country. Besides, these developments
can be helpful for daily life problems or challenges. All of them exhibit that more
engineers and science experts are needed day by day because of their better skills to
solve problems and to make new innovations. Accordingly, new generation students
should be trained with this consciousness, and gained skills and knowledge to solve
their problems that they may encounter. Nargund-Joshi, Liu, Chowdhary, Grant and
Smith (2013) stated that the students should integrate their knowledge and 21% century
skills (e.g., critical thinking, self-management, problem solving, time management) to
different situations in their daily lives. Thus, the students should be encouraged for
educational environment which integrates different disciplines for necessary
knowledge, innovation qualifications and 21% century skills. In line with this purpose,
recent science curriculum developments and reforms about this approach which is to
help the students gain innovation qualifications in their small ages can be realized

positively.

Science is the most appropriate course to train the students for innovation
qualifications and 21% century skills. When objectives of 2005, 2013, 2017 and 2018



Turkish Science Curricula are examined, there are similarities between science
curriculum objectives and outcomes of engineering and technology like training
students who are helpful for their society and being scientifically literate person in
life. However, when science education is handled independently from technology and
engineering, these objectives cannot be met. Therefore, STEM (Science (S),
Technology (T), Engineering (E) and Mathematics (M)) education supports the
interaction among science, technology and engineering. STEM education uses real
world problems based on active learning and teaching to increase motivation and
academic achievement (Furner & Kumar, 2007). Many researches and studies about
STEM education on students’ academic achievement and motivation were studied in
the science education. Yildirim and Altun (2015) conducted a study about STEM
education and concluded that students receiving STEM education are better at learning
and academic achievement rather than the ones not receiving such education.
Moreover, 8" grade students who were trained with STEM program performed better
than the ones who were not trained with STEM program on science achievement test
(Olivarez, 2012). In addition to studies about academic achievement of students,
Sahin, Ayar and Adigiizel (2014) also found the positive effect of STEM education on

students’ motivation.

STEM education has gained importance in many countries, and they made many
developments in STEM education field. Although STEM Education has an important
role, its application is unfortunately weak in K-12 schools. Especially, the inclusion
of engineering experiences in STEM requires greater attention in elementary level
(English & King, 2015). According to the study of Deniz, Yesilyurt, Kaya, and Trabia
(2017), there is similarity between nature of science (NOS), which is a major research
agenda in science education, and nature of engineering (NOE). Despite unspesific
description of NOS in the literature, there has been acceptable generality for the
aspects of NOS among the professionals including historians of science, scientists,
science educators, and philosophers of science. They argued that scientific knowledge

is subjective (theory-laden); tentative (subject to change); socially and culturally



embedded; empirically-based (derived from and/or based on observations of the
natural world); involves human creativity and imagination. Moreover, considering the
similarity between NOS and NOE, nature of engineering (NOE) should not be limited
to the descriptions of engineering and engineers’ works (Deniz et al., 2017). Nature of
engineering should be advanced to include nature of science (NOS) aspects. These
aspects are tentativeness, subjectivity, the product of human creativity and
imagination, socially and culturally embeddedness, being empirically based, and
being in the effect of social aspects of scientific knowledge. In their study, the
researchers added demarcation criteria and engineering design process (EDP) aspects
to the common list of NOS aspects and they adapted NOS research framework into
the NOE research framework to assess NOE views of elementary teachers. Table 1.1.

shows the descriptions of NOE aspects provided by Deniz and others (2017).

Table 1.1. Descriptions of Nature af Engineering (NOE) Aspects

NOE Aspect Description

Demarcation criteria  Engineening 1s systematically engaging in the practice of design to achieve
(What is engineering? solutions for specific problems. Engineers apply their understanding of the natural
What makes world (scientific knowledge) to design solutions for real world problems. This
engineering  different endeavor results in new technologies.
from other
disciplines?)
In the K-12 context, “science”™ i1s generally taken to mean the traditional natural
sciences: physics, chemistry, biology, and (more recently) earth. space, and

environmental sciences. ..

We use the term “engineering” 1n a very broad sense to mean any engagement in
a systematic practice of design achieve solutions to particular hyman problems.
Likewise, we broadly use the term “technology to mnclude all types of human-made
systems and processes-not in the limited sense often in schools that equates
technology with modern computational and communications devices.
Technologies result when engineers apply their understanding of natural world and
of human behavior to design ways to satisfy human needs and wants. (INRC, 2012,
pp. 11-12)



Table 1.1. Descriptions af Nature of Engineering (NOE) Aspects (cont 'd)

Engineering

process

Empirical basis

Tentativeness

Creativity

Subjectivity

design The core idea of engineering design includes three component ideas (NGSS Lead

States, 2013): Define, Design, and Optimize

A Define: Defining and delimiting engineering problems involves stating
the problem to be solved as clearly as possible in terms of critenia for
success and constraints or limits.

B. Design: Designing solutions to engineering problems begin with
generating a number of possible solutions. These potential solutions are
then evaluated to assess which ones best meet the criteria and
constraints of the problem.

C. Optimize: Optimizing the design solution involves a process in which
solutions are systematically tested and refined and the final design 1s
improved by trading off less important features for those that are more

importatnt.

Engineers optimize their design solutions and compare alternative solutions
based on evidence obtained from test data. They use assumptions to produce
simplified models that does not contain the variables that the problem is

insensitive to.

Phases of engineering design process do not always follow in order, any tmore than
do the “steps™ of scientific inquiry. At any phase, a problem solver can redefine
the problem or generate new solutions to replace an idea that is just not working

out.

Creativity and imagination of engineers play a major role during the
engineering design process. The role of creativity and imagination is not

limited to any specific phase of the engineering design process.

There 1s no unique solution to an engineering design problem. While there can be
many solutions to the same problem, some of these solutions may be more suited

to meet the criteria and constraints of the problem.



Table 1.1. Descriptions of Nature of Engineering (NOE) Aspects (cont 'd)

Social aspects of Engineering i1s not a solitary pursuit. Engineering design solutions are
engineering constructed through social negotiation. Despite their individual differences,
members of an engineering community share common understandings,
traditions, and values. This social dimension enhances the quality of

engineering design solutions.

Social and cultural Engineering i1z a human activity. There is a continued interaction between
embeddedness engineering and society. Sociocultural factors influence the engineering design
process, and in turn, engineering influences the society. These social and
cultural factors include social composition, religion, worldview, political, and

economic factors.

Source: Deniz et al., 2017

Design has essential attention in engineering education (Fan & Yu, 2017), so the
understanding of engineering design processes is at the core of engineering
(Cunningham & Hester, 2007). According to National Research Council (2009, 2012),
there is no single design process in engineering design like scientific process, in other
words, a fixed set of steps is not followed by all engineers. Wendell, Connolly, Wright,
Jarvin, Rogers, Barnett and Marulcu (2010) used engineering design process that
includes some steps which are “finding a problem or need”, “researching possible
solutions”, “choosing the best solution”, and “building and testing the prototype” as a
frame to structure the learning process. According to these steps, in an engineering
design task, firstly the students identify their prior knowledge and what they should
learn more to complete this task successfully, and they research challenges and
solutions for this engineering problem. Then, they choose the best solution among all
possible solutions, and build and improve their designs finally. Engineering design-
based activities include integration of STEM disciplines to earn targeted behaviors
and skills of producing multiple solutions for engineering design problems in the daily
life (Hacioglu, Yamak & Kavak, 2016). Thus, the students should be encouraged for
educational environment which integrates different disciplines for necessary

knowledge, innovation qualifications and 21% century skills.



1.1.1. Significance of the Study

Engineering education is important to foster students’ understanding of engineering
discipline, to improve their problem-solving skills in 21% century skills and to develop
critical thinking skills with its connection to the real-world problems in addition to
their learning in many areas of the curriculum (English, Hudson, & Dawes, 2013;
Hynes, Portsmore, Dare, Milto, Rogers, & Hammer, 2011). Engineering design-based
activities make the “engineering (E)” part of STEM education clear, and important to
improve scientific literacy and inquiry-based learning by developing 21 century skills
of students. Moreover, students’ interests in science and engineering can be increased
with teaching science by engineering design-based activities (NAE & NRC, 2014).
Therefore, engineering design-based activities are necessary to support science
teaching effectively.

One of the goals of STEM education is to educate “more scientifically literate citizen”,
but this is limited in engineering discipline in the elementary and middle schools
(Stohlmann, Moore, & Roehrig, 2012). Therefore, many nations do not have a high
public profile of engineering in society (English, Hudson, & Dawes, 2013) because of
a lack of knowledge about engineering discipline (National Grid, n.d.). The result of
the study presented that students’ confidence in science and engineering subjects
continues to decline as they grow in age (Knight & Cunningham, 2004). This situation
has also encountered in Turkey. In 2017 Turkish Science Curriculum, “Science and
Engineering Application” was added as a new unit in each grade level to make
“engineering (E)” part of STEM education clear (MEB, 2017). Then, “Science,
Engineering and Entrepreneurship Applications” were integrated in each grade level
in 2018 Turkish Science Curriculum by revising 2017 Turkish Science Curriculum to
improve students’ engineering and design skills (MEB, 2018). Within the context of
2018 Science Curriculum regulation, beginning from 4" grade, the students are
expected to make activities as part of “Science, Engineering and Entrepreneurship” by
considering their daily life problems. However, engineering design-based activities

are integrated in each grade level; in other words, there are objectives in science,



mathematics and technology disciplines of STEM education in Turkish science

curricula, but objectives in engineering discipline are not emphasized clearly.

Despite the importance of engineering education, research on engineering is a new
research field and the emphasis of elementary education in elementary classrooms is
not desirable (Yesilyurt, Deniz, & Kaya, 2019). In addition, some misconceptions of
students about engineering concepts affect their learning in engineering concepts
negatively. For example, students’ views about engineers are limited in fields of fixing
and building because they consider engineers as mechanics, laborers and technicians
(Knight & Cunningham, 2004; Fralick, Keam, Thompson, & Lyons, 2009). Thus,
instructions should be developed to eliminate students’ misconceptions about
engineering discipline. In addition, the students and teachers’ nature of engineering
views were developed positively with explicit NOE instruction and engineering design
experience (Yesilyurt, Deniz, & Kaya, 2019; Deniz et al., 2017). Deniz and others
(2017) considered the similarity between NOS and NOE aspects and used NOE
research framework, which was prepared by adding demarcation criteria and
engineering design process (EDP) aspects to the common list of NOS aspects, to
assess elementary teachers’ NOE views. Moreover, design is the important aspect of
engineering education (Fan & Yu, 2017), so students’ nature of engineering views can
be developed more with understanding of engineering design processes which is one
of the aspects of NOE. Nature of engineering (NOE) research is still a new research
area in the literature, so there are limited studies about nature of engineering (NOE)
views of students and teachers. According to English and King (2015), there have been
extensive researches about engineering-based programs with older learners in the
literature, but more researches are needed with younger learners because of the
positive effect of such programs on younger learners’ development. This limited
research with younger learners may be caused from the view in which design
processes can be a complex for younger learners. However, the result of previous
study showed that younger learners have an emerging capacity for simple design work
(imagining, planning, constructing, and evaluating) (as cited in English & King,



2015). Therefore, in the present study, change in 7*" grade students’ NOE views with
engineering design-based instruction were examined by emphasizing the engineering
design process (EDP) aspect of NOE during the “Force and Energy” unit. Moreover,
NOE categorization schema which was formed by the researcher based on NOS
categorization schema (Bilican, 2014) because of similarity between NOS and NOE
aspects was used in the present study as different from the previous study conducted
by Yesilyurt and others (2019). Therefore, the impact of engineering design-based
instruction on 7" grade students’ views about nature of engineering aspects was
analyzed in detail with NOE categorization schema by categorizing students’ NOE

views as “informed”, “adequate”, or “inadequate”.

Besides, researches showed that numbers of students who study post-compulsory
science and mathematics decrease around the world (as cited in McDonald, 2016).
The reason of this decline focuses on students’ motivation towards mathematics and
science because of the transition from primary school to high school (McDonald,
2016). Motivated students have better academic success by asking questions,
participating in labs, and making cooperative learning (Schunk, Pintrich, & Meese,
2008), so they must get activities and courses that are meaningful for their personality
(as cited in Chumbley, Haynes, & Stofer, 2015). Integration of engineering in
curriculum increases students’ academic achievement, 21st century skills, motivation
towards science learning and attitudes towards STEM (Moore et al., 2015). In the
literature, there is also the lack of enough study about whether and how participating
in engineering design-based science education in formal science classrooms change
student attitudes towards science and engineering (NAE & NRC, 2014). In addition,
there is a limited study and research about the effect of engineering design-based
instruction on students’ attitude towards STEM. For these reasons, there is a need for
more studies investigating the effects of engineering design-based instruction on
students’ attitude towards STEM. In the present study, the effects of engineering

design-based instruction were examined by emphasizing the engineering design



process (EDP) aspect of NOE during the “Force and Energy” unit to improve students’
attitudes towards STEM.

1.1.2. Definition of Important Terms

The definitions of the important terms used in the present study are presented in this

section.

Nature of Engineering: Lederman (1992) described nature of science (NOS) as a way

of knowing, the epistemology of science, and the values and beliefs which are
constitutional issues for the development of scientific knowledge, and there have been
acceptable generality for the aspects of NOS; tentativeness (subject to change),
subjectivity (theory-laden), socially and culturally embedded, empirically-based
(based on and/or derived from observations of the natural world), involving human
creativity and imagination. Deniz and others (2017) emphasized the similarity
between NOS and nature of engineering (NOE) aspects; tentativeness, subjectivity,
the product of human imagination and creativity, socially and culturally
embeddedness, being empirically based, and being in the effect of social aspects of

scientific knowledge.

Engineering Design-Based Science Education: Engineering design-based science

education is teaching approach which includes integration of STEM disciplines to earn
targeted behaviors and skills of producing solutions for engineering design problems
in the daily life (Hacioglu, Yamak & Kavak, 2016). It is important to foster students’
understanding of engineering discipline, to improve their problem-solving skills in
21%t century skills and to develop critical thinking skills with its connection to the real-
world problems in addition to their learning in many areas of the curriculum (English,

Hudson, & Dawes, 2013; Hynes, Portsmore, Dare, Milto, Rogers, & Hammer, 2011).

Engineering Design Process: There have been similarities between scientific inquiry

and design, and they are referred to as procedures to solve problems and both
emphasize learning by doing. Scientific inquiry includes the characteristics of the

development process for scientific knowledge; involving observations and scientific



investigations with sharing a common set of deductive and inductive reasoning,
examining various sources of information, having no fixed sequence of steps of
scientific method etc. Similarly, design does not also have generalized design method,
but such elements which are posing, generating, evaluating and choosing solutions are
shared by various of methods to solve ill-defined problems. The engineering design
process, which can be defined as the production process of technologies; provides the
integration of STEM disciplines because it requires the use of basic engineering
knowledge and skills as well as the principles of science and mathematics
(Householder & Hailey, 2012; NAE & NRC, 2009). There are many different design
processes in the literature, but in all these processes, there are similar expectations
such as the definition of the problem, revealing the possible solutions, analyzing,
testing and evaluating the solutions and renewing the solution if necessary (Brunsell,
2012).

STEM Education: The word of STEM is the shortening of first letters of Science (S),

Technology (T), Engineering (E) and Mathematics (M), and there is no standard
explanation of STEM in the literature (Altas, 2018). STEM education is a teaching
system aiming at integrating science, engineering, technology, and mathematics
disciplines with each other (Bybee, 2010). Collaboration of these disciplines of STEM
education in both interdisciplinary and in disciplines supplies the integration of

courses with each other rather than using these disciplines separately.

Attitude Towards STEM: One of the major goals of K-12 STEM education in U.S. is
to develop students’ attitudes towards STEM (Guzey, Harwell, & Moore, 2014).
Burke and Mattis stated that economical growth, the stability and security of the
nations, and citizens health needs the progress of knowledge, and attitudes towards
STEM fields (as cited in Popa & Ciascai, 2017). Moreover, students’ learning and
motivation to learn STEM subjects can be affected from their attitudes (Osborne,
Simon & Collins, 2003; Guzey, Harwell, & Moore, 2014).

10



1.1.3. Purpose of the Study

The purpose of the present study was to investigate the effects of engineering design-
based instruction on 7th grade students’ nature of engineering (NOE) views and
attitudes towards STEM. Regarding the literature in the present study, nature of
engineering (NOE) views and attitudes towards STEM of the students receiving
engineering design-based instruction (EDBI) and others receiving curriculum-based
instruction (CBI) were identified in both before and after the instructions. Statistical
analysis was conducted to see the effect of EDBI over CBI on 7" grade students’
nature of engineering (NOE) views and attitudes towards STEM. Moreover, how
engineering design-based instruction causes change in NOE aspects of 7" grade
students’ nature of engineering (NOE) views was analyzed qualitatively to support
quantitative research.

Firstly, in the present study, it was hypothesized that there is significant difference
between the students receiving engineering design-based instruction (EDBI) and
others receiving curriculum-based instruction (CBI) with respect to students’ nature
of engineering (NOE) views. Participants improved their views of various NOS
aspects after receiving an explicit instruction of NOS as resulted in previous
researches (Bell, Matkins, & Gansneder, 2011; Akerson, Morrison, & McDuffe,
2006). Therefore, by considering the similarity between NOS and NOE as stated by
Deniz and others (2017), the students receiving engineering design-based instruction
were expected to improve their NOE views more than others receiving curriculum-

based instruction.

Secondly, it was hypothesized that there is significant difference between the students
receiving engineering design-based instruction (EDBI) and the students receiving
curriculum-based instruction (CBI) with respect to students’ attitudes towards STEM.
Integration of engineering in curriculum increases students’ academic achievement,
21st century skills, motivation towards learning science and their attitudes toward

STEM (Moore et al., 2015). Therefore, the students receiving engineering design-
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based instruction were expected to improve their attitudes towards STEM more than

others receiving curriculum-based instruction.
1.1.4. Research Questions

1. What is the effect of engineering design-based instruction (EDBI) over
curriculum-based instruction (CBI) on 7" grade students’ nature of engineering
(NOE) views in Ankara?

2. How does engineering design-based instruction (EDBI) impact 7" grade
students’ views about nature of engineering aspects (NOE) in Ankara?

3. What is the effect of engineering design-based instruction (EDBI) over
curriculum-based instruction (CBI) on 7" grade students’ attitudes towards
STEM in Ankara?

12



CHAPTER 2

LITERATURE REVIEW

In literature review chapter, the review of the literature regarding STEM Education,
STEM Education in Turkey, nature of engineering (NOE), and engineering discipline
in 2013-2017 and 2018 Turkish Science Curricula and attitude towards STEM are

presented.

2.1. 215t Century and Integration of Technology and Engineering in The Context

of Science Education

Knowledge and technology have gained importance in the living century in the
process of time. Many changes and innovations have been made in the extent of
technology and knowledge. Countries have showed economic development with these
improvements and showed a great rise among other countries. When we look at the
developed countries such as USA, Holland, Sweden or Germany, all these countries
have great economic infrastructure. Therefore, technology and knowledge are
important aspects to improve the future of a country. Besides, these developments

can be helpful for daily life problems or challenges.

All of them exhibit that more people who are interested in the fields of engineering,
mathematics, science and technology are needed day by day (Miaoulis, 2009; Ercan,
2014). These people should have better skills to solve daily life problems, to make
new innovations, and to improve critical thinking skills, creativity etc. Therefore, most
countries started many educational reforms and increased their attention towards the
fields of science, engineering mathematics, and technology. There was STEM
education which has increasing popularity day by day at the center of science

education reforms.
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2.1.1. Science, Technology, Engineering and Mathematics (STEM)

The term of STEM was firstly used by Judith Ramaley in 2001 (Altas, 2018).
Although the word of STEM is the shortening of first letters of Science (S),
Technology (T), Engineering (E) and Mathematics (M), there is no standard
explanation of STEM in the literature (Altas, 2018). For example; Gonzalez and
Kueenzi (2012) described STEM as the first letters of these four different disciplines
in their study. STEM is an interdisciplinary area because of making a bridge between
these four disciplines (Meng, Idris & Eu, 2014).

2.1.1.1. Science

Science is based on the facts assumed to be claims about the world we live in. What
we can see, hear and touch are the bases of science rather than personal opinions about
the world (Chalmers, 1999).

2.1.1.2. Technology

Technology is defined as the used information or knowledge and developing process
of a product (Bozeman, 2000). Lan and Young (1996) described that technology is to

obtain certain results, to solve problems, to complete certain tasks.
2.1.1.3. Engineering

Engineering is a process of people working on science and mathematical principles by
using their opinions, experiences and decisions to create helpful products for humans
to make their life easier (NRC, 2012).

2.1.1.4. Mathematics

Mathematics is about finding new ideas and solving everyday problems by using

imagination, intuition and reasoning (Khan, 2015).
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2.1.2. STEM Education

When the literature about STEM education has been analyzed, there has no any
standard explanation of STEM education like STEM explanation. Researchers has
different ideas and explanations about it in the literature.

The need of 21st century societies for science and technology literate citizens
generated a consensus on the need for students to develop knowledge and skills in
science, engineering, technology, and mathematics through education. However, they
are mostly included in the curriculum in science and mathematics K-12 level (NAE,
2010). Therefore, Bybee (2010) stated that technology and engineering disciplines
should be included in the curriculum because this situation was one of the obstacles
for STEM education. STEM education is a teaching system aiming at integrating
science, engineering, technology, and mathematics disciplines with each other
(Bybee, 2010). Collaboration of these disciplines of STEM education in both
interdisciplinary and in disciplines supplies the integration of courses with each other
rather than using these disciplines separately. Moreover, STEM education approach
states that the boundaries between disciplines are removed and require an integrated
education (Roberts, 2012). Students’ conceptual knowledge about the nature of
science (NOS) and mathematics to gain their understanding of technology and
engineering has been supplied with STEM education (Hernandez, Bodin, Elliott,
Ibrahim, Rambo-Hernandez, Chen, & de Miranda, 2014). Moreover, one of the
purposes of STEM education is to train STEM literate person (Pekbay, 2017).
According to Balka (2011), STEM literate person can define, perform, and combine
concepts from four disciplines which are science, technology, engineering and
mathematics to understand and solve complex problems in their daily life. Therefore,
STEM education gives opportunities people to be more productive and to gain 21st
century skills which are critical thinking, communication, problem solving etc.
(Pekbay, 2017). It can be concluded that the integration of STEM concepts in real-life
problems needs to be developed (Asghar, Ellington, Rice, Johnson & Prime, 2012).
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Although integrated program emphasizing all disciplines of STEM is the most
appropriate approach to the nature of STEM education, it is not possible to realize this
in the context of practical applications in formal education. The present structure of
schools and curricula is not suitable for the mentioned integration in terms of
achievements, scope, teaching activities and evaluation approaches (NRC, 2012;
Bybee, 2010; NAE & NRC, 2009). This situation results in handling STEM education
in different forms. According to Sanders (2009), focusing on one or two disciplines of
STEM disciplines is one of the ways of handling STEM education. Dugger (2010)
stated “SteM” as putting technology and engineering into the background, but
expectations toward STEM education cannot be met with this approach emphasizing
technology and engineering merely (as cited in Bybee, 2010). Another approach about
STEM education is integration of one discipline of STEM to other disciplines
separately. For example, integration of engineering to science, mathematics and
technology courses. However, conversely, integration of other disciplines to one
discipline of STEM is more appropriate approach for STEM education. Integration of
engineering, mathematics and technology to science course can be an example for this
approach (Dugger, 2010). Moreover, Bybee (2010) expressed that integration of other
STEM disciplines which are engineering and technology to mathematics and science
courses included in K-12 level curricula is the most plausible way for this approach.
Therefore, integration of STEM disciplines has been actualized within the scope of

engineering design problems in science education in this approach (Roth, 2001).
2.1.2.1. STEM Education in Turkey

When we focus on interdisciplinary approach of STEM in Turkey, Yamak, Bulut and
Diindar (2014) stated that STEM education is the integration of skills and knowledge
in science, engineering, mathematics and technology. In the study of Yildirim and
Altun (2014), STEM education was stated as an education approach which supplies
qualified and effective learning, uses learned knowledge in daily life, improves high-
level thinking skills by integrating disciplines of science, engineering, mathematics

and technology. Moreover, The Ministry of Education described STEM education in
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STEM education report as a teaching system which includes integration of science,
engineering, mathematics and technology disciplines by making connection among
them (MEB, 2016a).

The most important developments in Turkish science curriculum was resulted from
changes in 2005 and 2013 science curricula by The Ministry of Education. These new
curricula were prepared depending on constructivist approach, in which learners
construct their own learning and understanding of the world where they live, and they
interpret them based on their previous knowledge, perceptions of social experiences,
and beliefs, by focusing student-centered learning (MEB, 2005; MEB, 2013). In 2013
Turkish Science Curriculum, there were objectives in science, technology and
mathematics disciplines of STEM education. Although the vision of the updated
versions has similar characteristics with the 2013 Turkish Science Curriculum, some
additions were examined in the 2017 and 2018 Turkish Science Curricula. Among
these additions, it was emphasized that the science should be combined with other
disciplines in the programs and that students should apply the knowledge and skills
they learned in theory for the product and process (MEB, 2017; MEB, 2018). In
addition, “science, engineering and entrepreneurship applications” and “engineering
and design skills” were added to these curricula (MEB, 2017; MEB, 2018). By
considering these additions to the science curriculum, although there were no
objectives in engineering discipline in 2005 and 2013 Turkish science curriculum,
2017 and 2018 Turkish science curricula emphasized obejectives in engineering
discipline clearly. For example, 7" grade students are expected to design a product to
decrease air and water resistance by using their knowledge based on the objective

which is “Design a product to decrease air and water resistance”.
2.1.3. Studies about STEM Education

In this section, the researches about STEM education was included as a result of the
literature review. STEM education which is an interdisciplinary approach of four

disciplines (science, technology, engineering and mathematics) uses real world
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problems based on active learning and teaching to increase motivation and academic
achievement (Furner & Kumar, 2007). There are many researches and studies about
STEM education.

Olivarez (2012) investigated the impact of STEM educational program on 8" grade
students’ academic achievement in the study. STEM educational program consisted
of hands-on group activities about designing a project to solve real world problems.
Research group was formed with a total of 176 8™ grade students in which 73 students
trained with STEM program, and 103 students did not involve any STEM program.
Results of the study showed that students trained with STEM program performed
better than ones who were not trained with STEM program on achievement tests of

science, mathematics and reading.

In a similar study by Tati, Firman and Riandi (2017), 8" grade students’ STEM
literacy was investigated with STEM learning through designing a project. A total of
56 8" grade students were assigned in experimental and comparison groups as being
28 students in each group. In experimental group, project-based learning treatment
with STEM approach was instructed while such treatment without STEM approach
was instructed in comparison group. The students designed a boat model in energy
topic through STEM learning in experimental group. Data were collected with STEM
literacy test consisting of science literacy, mathematics literacy, and technology-
engineering literacy as pre and post tests in both groups. The result of the study
presented that STEM literacy of the students receiving project-based learning
treatment with STEM approach was significantly improved more than others in
comparison group because of designing an engineering activity in which the students

applied the knowledge from every field of STEM.

Cotabish, Dailey, Robinson and Hughes (2013) investigated the effects of the STEM
program on elementary students’ content and concept knowledge, and science process
skills. Firstly, 70 teachers were randomly assigned in experimental and comparison

groups, and the teachers of experimental group participated in a one-week-long
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summer course about professional development and one-to-one peer coaching
focusing on skills and knowledge in science while others did not receive any
instruction. Then, 818 elementary students were assigned to experimental and
comparison teachers, and the students of comparison group received science
instruction using the school-adopted science curriculum while others in experimental
group received instruction in one William and Marry inquiry-based curriculum by
experimental teachers. This curriculum consisted of units focused on engaging the
students in creative and critical thinking, and real-world problem solving. The results
of the study presented that the students receiving STEM program significantly
performed better in their science process skills and science content and concept

knowledge than others in comparison group.

Moreover, there are researches about the effect of STEM education in Turkey. Yamak
and others (2014) studied 5" grade students' attitudes towards scientific process skills
and science through STEM activities. Researchers studied with 20 5" grade students
during three different STEM activities. These STEM activities were prepared based
on the steps of design-based learning; explanation of the assignment and giving
materials by the teacher, planning a design of the students in groups, testing their
models and evaluation etc. Data were collected from 20 students during pre and post-
tests by using two different instruments which are “What Do I Really Think About
Science Survey” and “Scientific Process Skills Test” to analyze their attitudes towards
science and scientific process skills. As a result of the study, they stated that
participating STEM activities led to a positive increase in students’ attitudes towards

science, scientific process skills, self-confidence.

The research by Baran, Canbazoglu-Bilici and Mesutoglu (2015) indicates the effect
of STEM public service announcement within the scope of engineering design process
on knowledge and skills about technology and computer. In STEM public service
announcement, the students were expected to design a STEM spot about a scenario
provided them. 6th graders participated to STEM training program in Middle East

Technical University, and they designed a STEM public service announcement shown
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in TV channels by following engineering design process with the help of computers
with internet connection in 160 minutes. The result of the study indicated that STEM
education results in increase on students’ knowledge, skills, interest towards STEM

fields and motivation.

In addition to studies about academic achievement of students, Sahin, Ayar and
Adigiizel (2014) also found the positive effect of STEM education on 9" grade
students’ motivation. In the study by Akdag and Giines (2017), teachers and science
high school students’ opinions about STEM activities on the subject of energy were
analyzed. A total of 30 9" grade students joined STEM activities during 6 weeks
within the context of physics lesson, and the subject of energy was taught to students
with STEM activities. As a result of the study, STEM activities contributed to
students’ motivation and learning levels, and the opportunity to transfer the knowledge

learned.

In a similar research studied with preservice science teachers, Yildirim and Altun
(2015) searched academic achievement of preservice science students during science
laboratory lessons in the result of STEM education and engineering applications. 83
preservice science teachers studied at 3th grade of university were joined to the
research. Some of these students studied in experimental group in which engineering
applications and STEM education were applied during science laboratory lessons,
while others studied in control group and did not trained with STEM education in
science laboratory lessons. According to the results of the study, learning and
academic achievement of preservice science teachers receiving STEM education are
better rather than the ones who are not trained with such education.

2.2. Nature of Engineering

The concept of engineering, which is used for finding solutions for people’s problems,
Is expressed as an occupation based on academic disciplines like mathematics and
science (Petroski, 1996). From an early age, students have stereotyped misconceptions

about the engineering profession. In general, the fact that an engineer is seen only as
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a construction worker, as a repairer, and considering the engineer profession as a male-
specific profession cause them to create misconceptions against engineers and
engineering from an early age (Fralick et al., 2019). Although mathematics, science,
and even technology disciplines included in the STEM education approach have a long
history in the K-12 curriculum and their teaching standards are defined, this is not the
case for engineering discipline (NAE & NRC, 2009). However, Wicklein (2003)
suggested that focusing on engineering rather than technology at the K-12 level would
be a more effective strategy. The aim of engineering education is to enable students
to produce practical and analytical solutions to the problems they may face in their
daily life, to develop their design skills in this training process, and to ensure that they
use their designs in the most effective way (Kolodner, 2002; Akgiil, Ucar, Oztiirk &
Eksi, 2013).

In recent years, reforms have been made about engineering discipline of STEM
education in K-12 schools in many developed countries like USA to develop students’
design-based competencies and technological literacy (Cajas, 2001). Many
engineering programs and elective engineering courses were developed. The first step
in this direction can be described as including the engineering objectives as well as
the science and technology as stated in the report which defines the teaching standards
published by the Massachusetts Department of Education (MDOE) in 2001. Under
current circumstances, taking engineering discipline as an independent course in K-
12 curricula requires fundamental changes in the school structure, so the integration
of engineering discipline to science, mathematics and technology disciplines with
appropriate activities is seen as the most appropriate way for K-12 engineering
education (NAE & NRC, 2009). In addition, engineering design-based science
education have been considered to support the integration of engineering discipline to
science education (Ercan, 2014). Engineering design-based science education is
teaching approach which includes integration of STEM disciplines to gain targeted
behaviors and skills of producing solutions for engineering design problems in the
daily life (Hacioglu, Yamak & Kavak, 2016). In this process, the engineer actively
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uses science concepts and builds an understanding of these concepts while trying to
find solutions to the problems (Altas, 2018).

Deniz and others (2017) defended that nature of engineering (NOE) should not be
limited to the descriptions of engineering and engineers’ work and emphasized the
similarity between NOS and NOE aspects. These aspects are tentativeness,
subjectivity, the product of human creativity and imagination, socially and culturally
embeddedness, being empirically based, and being in the effect of social aspects of
scientific knowledge. In their study, they adapted NOS research framework into NOE
research framework to assess elementary teachers” NOE views by adding demarcation
criteria and engineering design process (EDP) aspects to the common list of NOS

aspects. Deniz et al. (2017) described each NOE aspect as explained below.
2.2.1. Demarcation Criteria

Demarcation aspect of NOE corresponds to question of what engineering is and what
engineering makes different from other disciplines. Engineering is engaging solutions
for specific problems in daily life and inviting new technologies by applying their

scientific knowledge (Deniz et al., 2017).

The public has partial view of engineer and engineering. Drawings can be a clue for
children’s conceptions (Kress & Leeuwen, 2001). Therefore, Knight and Cunningham
(2004) stated that understanding students’ images about engineer and engineering is
important for theoretical and practical implications because individuals’ view about
the world can be shaped by the images. The authors developed a “Draw an Engineer
Test” (DAET) to assess images of students’ view about engineer and engineering and
administered this questionnaire at the beginning of any unit on engineering. A totatl
of 253 students (73 students in grades 3-5; 41 students in grades 6-8; and 139 students
in grades 9-12) were participated to the study. In the DAET, there are some questions
about what engineering is, what engineers do, picture of an engineer at work, familiar
engineers in their life. Pictures which were translated into codes and written responses

were analyzed by developing codes of recurring themes. The result of the study
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showed that drawings of the students showed considerable evidence for the themes of
images about building/fixing and designing without any intervention. In addition, the
results showed the effect of working with two female undergraduate engineering
students in the students’ drawings because their drawings presented that significant
difference in the number (22 % of difference) between a female and male engineer.
There was mostly a female engineer than male because of working with the female
engineering students for a few months before the research (Knight & Cunningham,
2004).

Chou and Chen also studied Chinese version of the “Draw an Engineer Test” (CDET)
to assess elementary school students’ views of engineers in Taiwan. A total of 750
students (grades 4-6) from different school districts voluntarily participated to the
study. In the quantitative part of the study, students’ drawing about engineer was
analyzed by a content analysis method. In the questionnaire, drawing instructions
about an image of an engineer and short-answer questions about giving a name to the
drawn engineer, the place of the engineer works, and what the engineer does in the
drawing. The drawings of the students were coded by two elementary school teachers
who were experienced in grading students’ artworks according to the coding principles
which are stereotypes of engineers, types of engineers (electrical-engineering related,
architectural-engineerin relatedetc.), conceptions of engineering (laborer/mechanic,
technican etc.), and engineering epistemology). The results of the study showed that
engineering was accepted as male professional by 80% of the students, approximately
73% of the students drawed engineers as working at construction sites, 55% of the
students conceived engineers as laborer or mechanics, and 73% of them presented lack

of knowledge of engineering.
2.2.2. Engineering Design Process

Next Generation Science Standards (NGSS) recognized that engineering design and
thinking are major components of K-12 engineering education and highlighted the

interrelated nature of science (NOS) and engineering education (English, 2016). Lewis
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stated that both scientific inquiry and design are referred to as procedures to solve
problems and identified similarities and differences between inquiry and design (as
cited in Purzer, Goldstein, Adams, Xie & Nourian, 2015). Scientific inquiry involves
observations and scientific investigations with sharing a common set of deductive and
inductive reasoning. Besides, it has no fixed sequence of steps of scientific method
throught scientists’ studies of the natural world and examines various sources of
information. Similarly, design does not also have generalized design method, but such
elements which are posing, generating, evaluating and choosing solutions are shared
by various of methods to solve ill-defined problems. Moreover, both emphasize
learning by doing. Scientific inquiry has a process of transformative learning in which
both teacher and students express their ideas, and in designing, individuals brainstorm
and make prototypes, rehearsal aand get feedback from failure, draw and make
connection with materials and ideas of different people (as cited in Purzer et al., 2015).
However, according to Lewis (2006), there were also some divergences between
scientific inquiry and design as well as similarities. They are different in the role of
constraints (design reasoning includes constraint), the role of trade-offs (no parallelity
of this form in science) and the role context (context shape the design problems while
context is overreached in science problems) (as cited in Purzer et al., 2015).

In the report entitled “Engineering in K-12 Education: Understanding the Situation
and Meeting the Expectations”, design is shown as the most important dimension of
engineering (NAE & NRC, 2009). The design expressed as the problem-solving
approach of the engineers in the most basic sense in the context of engineering is a
process that begins with the definition of the problem and ends with the solution that
meets the constraints and criteria defined for the desired performance (NAE & NRC,
2009). Moreover, the engineering design process, which can be defined as the
production process of technologies; provides the integration of STEM disciplines
because the basic engineering knowledge and skills are required as well as the
principles of mathematics and science (Householder & Hailey, 2012; NAE & NRC,
2009). For this reason, the engineering design process is defined as a pedagogical tool
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that provides real life context for STEM education approach and enables the
realization of meaningful learning and integrates other STEM disciplines in the
context of science education. (Felix, Bandstra & Strosnider, 2010). The engineering
design process provides individuals opportunity to practice their knowledge of science
and math as well as gaining competence and confidence (Cavas, Bulut, Holbrook &
Rannikmae, 2013).

There are many different design processes in the literature, but in all these processes,
there are similar expectations such as the definition of the problem, revealing the
possible solutions, analyzing, testing and evaluating the solutions and renewing the
solution if necessary (Brunsell, 2012). Wendell et al. (2010) used engineering design
process that includes some steps which are “finding a problem or need”, “researching
possible solutions”, “choosing the best solution”, and “building the prototype” and
“testing the prototype” as a frame to structure the learning process (Figure 2.1.).
According to these steps, in an engineering design task, firstly the students identify
their prior knowledge and what they should learn more to complete this task
successfully, and they research challenges and solutions for this engineering problem.
Then, they choose the best solution among all possible solutions, and build and
improve their designs finally. Moreover, engineering design problems which are
inherently creative do not reflect a linear process indicating sequence of
implementation of steps (NAE & NRC, 2009). Therefore, students can gain
opportunities for the application of the knowledge gained in different situations as
well as an learning environment for science content, and for engaging in the practices

of engineers and scientists (as cited in Marulcu & Barnett, 2015).
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Figure 2.1. The engineering-design process consists of five steps: finding/identifying a problem,
researching possible solutions, choosing the best solution, building a prototype, testing the prototype

and repeating steps as needed

Source: Wendell et al., 2010, p. 92

2.2.2.1. Finding a Problem or Need

Engineering design process generally starts with a need, desire or problem (Ercan,
2014). At this stage, engineers try to identify the criteria and constraints forming the
solution for the final product or system to better identify the problem by asking
questions (Brunsell, 2012). The criteria, described as the qualifications that the
successful solution should have, reflect expectations of users in function, efficiency
level, durability, cost etc. of a product or system. The constraints are limitations such
as legal, social, moral, aesthetic, economic etc. that engineers should consider when

performing design solutions (Ercan, 2014).
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2.2.2.2. Researching Possible Solutions

Individuals offer different solutions for the given problem. For the product or system
to be successful, individuals search for existing solutions, collect experimental data
and brainstorm for alternative solutions (Ercan, 2014; Altas, 2018). A single correct
solution cannot be mentioned for engineering design problems, so engineering must
be a creative effort (NAE & NRC, 2009; NAE, 2010).

2.2.2.3. Choosing the Best Solution

Although there are various ways to meet the criteria and fulfill the constraints in
engineering design problems, designing the best solution is the aim of engineering
(NRC, 2012). Individuals analyze and evaluate many solutions they propose within
the framework of design criteria and constraints after their research and brainstorming.
What is important is to choose the solution that best meets the criteria and constraints
(Ercan, 2014). In this respect, individuals can benefit from two situations in
determining the best solution. More preferred is to design a new solution that suitably
combine the strengths of possible solutions. In cases where this is not possible,
decideing the most appropriate one among the existing conditions by comparing the

advantages and disadvantages of the possible solutions (Mentzer, 2011; NRC, 2012).
2.2.2.4. Building and Testing the Prototype

At this stage of engineering design process, individuals design their prototypes to
visualize, present, reveal details and advance their designs (Tayal, 2013). The
prototype is a representation of the final solution or a physical, virtual, mathematical
model (Hynes et al., 2011). Individuals design their prototype by putting into practice
of knowledge in the theory they learned and considering the limitations and success
criteria at the design stage (Altas, 2018). Prototypes are tested and evaluated by
considering the constraints and criteria (Hynes et al., 2011). The purpose of the
evaluation is to see the functionality of the prototype for the solution of the problem
situation and if there are deficiencies in the prototype made, it is done to eliminate it
(Altas, 2018).
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2.2.3. Tentativeness

There is no following order in the steps of engineering design problems and a problem
solver can go back at any phase. For example, the problem can be re-defined or new
solutions can be generated to replace nonworking idea (Deniz et al., 2017)

2.2.4. Creativity

A problem solver’s imagination and creativity play a major role of at any step of

engineering design process (Deniz et al., 2017).
2.2.5. Subjectivity

Engineering design problem does not have an unique solution in other words many
solutions can be found to the same problem because of problem solvers’ pre-

conceptions, values and background (Deniz et al., 2017).
2.2.6. Social Aspects of Engineering

Social negotiation is effective in the construction of engineering design solutions, so
the quality of engineering design solutions can be enhanced with this effect. Despite
problem solvers have individual differences (pre-conceptions, values and
background), traditions, common understandings and values are shared by members

of an engineering community (Deniz et al., 2017).
2.2.7. Social and Cultural Embeddedness

Engineering is a human activity, so there is influence of socio-cultural values (religion,
political and economic factors, worldview etc.) on engineering design solutions, and
in turn, engineering design solutions influence socio-cultural values of a society
(Deniz et al., 2017).

2.2.8. Research on Engineering Design-Based Science Education

ntegration of engineering in curriculum increase students’ academic achievemen
Int t f | tudents’ d h t,

21%t century skills, motivation towards learning science and their attitudes toward
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STEM (Moore, Tank, Glancy & Kersten, 2015). Students’ interest in science and
engineering can be increased by teaching science with engineering design-based
science education (NAE & NRC, 2014).

In addition, Guzey, Moore, Harwell and Moreno (2016) searched 7 grade students’
learning and attitudes towards STEM in the result of training with engineering design-
based science curriculum. Participants of the study were three middle school life
science teachers and summer professional development program in which they learnt
about engineering design and developed a design-based unit together was applied for
3-week-long. The unit was prepared based on eight practices of science and
engineering practices; define problems, develop and use models, plan and carry out
investigations, analyze and interpret data etc. Then, 275 students of 7" grade were
implemented the prepared curriculum unit by these trained teachers. Data were
collected with a content test to assess students’ understanding in engineering, science
and mathematics disciplines, and with attitude survey to assess students’ attitudes
towards STEM in both before and after the engineering-based curriculum unit. The
result of the study showed that there was statistically significance increase on students’
academic success in science concepts and attitudes towards STEM after receiving

engineering-based curriculum unit.

In other study by English, King and Smeed (2017), the effect of engineering design
on 6" grade students’ STEM learning was investigated with a total of 136 6" grade
students. The activity was about an engineering-based problem on earthquakes based
on engineering design processes and using STEM disciplinary knowledge to solve the
problem. They planed their designs of earthquake resistant building, sketched,
constructed and tested them by considering limilations and constraints. Data were
collected from different instruments which are audio and video recordings from
selected focus group in their solving the earthquake problem and designing their
models, students’ activity booklets, and their building models. The resut of the study
showed that the students presented engineering techniques and core STEM concepts

in their responses.
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English, Hudson and Dawes (2013) investigated a study about the effect of STEM
activity through engineering design on 4™ grade students’ learning and working on an
aerospace problem. A total of 63 4™ grade students participated to the study, and they
followed engineering design process steps (deciding a problem, idea generation,
designing a model, testing, and redesign) in working an aerospace problem, which is
designing a 3-D model plane by using their mathematics and science knowledge. Data
were collected from audio and video recordings during engineering design process
steps in class, students’ workbooks and photos of the students’ final plane models.
The result of the study presented that following engineering design process allowed
the students to apply their disciplinary knowledge in solving an aerospace problem

successfully, and also better integration of STEM disciplines.

In a similar study by English (2018), the effect of the activity integrated with STEM
problem which is not predetermined problem on 4™ grade students’ learning with a
focus on design. A total of 34 41" grade student participated to the STEM activities in
which they linked their learning in STEM disciplines to the application of design
processes (deciding their own problem and design aims, drawing their designs, testing,
and redesigning). The students designed and constructed their own shoes by
considering the role of designers and engineers in shoe manufacture and materials.
Data were collected through audio and video recordings of the students’ interactions
in designing their shoes and whole class discussions, and workbook of each student
and their shoe designs. The result of the research presented that the students was better
than expected as beginning designers, in other words they showed advanced inquiry

processes, representational skills, and STEM-based conceptual development.

In another study, Purzer and others (2015) found the same positive effect of
engineering design-based science education on learning of high school students. The
participants were 63 high school students, and they participated in a project in which
they designed energy-efficient solar buildings by using existing buildings in a
computer-aided design program for five courses. Data were collected through design

replays (students’ design actions while sketching buildings, collecting data etc.) and
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electric notes taken by the students while designing which are collected in computer
software program. The result of the study indicated that the students had opportunities
for meaningful science learning by participating engineering design activity and they

also explore and develop scientific explanations.

The results of the previous studies showed that activities based on engineering design
process have developed students’ decision-making skills, scientific process skills and
academic achievements (Bozkurt, 2014; Gencer, 2015; Yildirnm & Selvi, 2017). Roth
(2001) carried out the study with a total of 26 students about simple machines, and
performed the design activities with engineering applications. In this direction, he
defined product design stages as the followings first draft and construction plans;
expressing these plans by means of slides, graphs, tables; making three-dimensional
prototypes; performing and analyzing performance tests; and finally presenting the
product. The effect of the process on academic achievement was determined with the
simple machines' academic achievement test by applying before and after the
procedure. The findings revealed that the process helped to increase academic
achievement of the students.

Fan and Yu (2015) conducted a study about the effect of an integrative STEM
approach within engineering design practices in students’ learning performance. A
total of 332 students (aged between 16 and 17) participated to the study for 10 weeks
and were assigned to the experiemental and comparison groups. In experimental
group, the students received STEM engineering module, in which they were instructed
with four different instruction units based on engineering process which are designing
level scales, a gear-wheeled rage finder, a cam toy, and a gear set with hands-on LEGO
models and virtual computer simulation. However, in comparison groups, the students
received the technology education module in which they designed based on a general
design process of technology education which are selecting a design idea, testing the
idea through project building, and making final design decisions. The results of the

research showed that conceptual knowledge, the design project activity, and higher-
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order thinking skills of the students receiving STEM engineering module were

significantly more improved than others receiving technology education module.

In Turkey, there are also some studies about engineering design-based science
education. In the study conducted by Yildirim and Tiirk (2018), female students’
attitudes towards STEM and views of engineer and engineering was studied in the
result of trained with STEM applications integrated to science curriculum with 87 71
grade students in Mus. The students were divided in two sections randomly as
experimental and comparson groups, and a science teacher instructed in both classes.
Moreover, the science teacher was trained about STEM applications before the study.
The teacher instructed STEM applications based on “Force and Motion” unit in
experimental group for 4 weeks while existing program without any STEM
application was instructed based on the same unit in comparison group. The students
were instructed with the STEM activities which are wind rose, hydroelectric plants
and roller coaster in experimental group. Data were collected with “STEM Attitude
Scale (SAS)” to assess the students’ attitudes towards STEM and “Engineering
Information Form (EIF)” to assess their views of engineer and engineering through
pre and post-tests. As a result of data analysis, it was revealed that STEM applications
were effective in developing female students’ attitudes towards STEM. In addition, it
has been determined that some of the students who have the opinion that engineering
is a profession for men before the applications started to have the opinion that women
can also become an engineer after the applications.

In a similar study, Ercan (2014) investigated the 7th grade students’ academic
achievement, their decision-making skills, and their perspectives and abilities on
engineering discipline in the result of participating in design-based science education
practices. In the process of seven week, the students made three different modules
based on design-based science education. Results of the study showed that academic
achievement, perspectives for engineering discipline and engineering design process

application skills (defining the problem or need, researching possible solutions,
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determining best solution, constructing and testing prototypes, and communication) were

enhanced with design-based science education.

Moreover, the effect of engineering design-based science education was studied with
teacher candidates. Yildirim and Altun (2015) conducted a study with 83 pre-service
teachers studying science education in the 3™ grade, and the lessons were processed
in line with STEM education and engineering design system in the experimental
group, while the lessons were processed in the normal process in the control group.
As a result of this study, it was found that the change in the level of learning level of
the science laboratory course increased significantly with STEM education and
engineering applications, but there was no significant change in the level of learning

in the classroom with normal process.

In other study, Altas (2018) examined the effects of STEM education approach on the
perceptions of classroom teacher candidates about engineering design processes and
about technology and engineering. In this study, technology and engineering
perceptions were analyzed in quantitative dimension of mixed method research while
teacher candidates were observed in the engineering design process during six
different STEM activities in qualitative dimension of the research. Results of the study
concluded that engineering perceptions and skills for engineering design process steps

of the teacher candidates were developed positively.
2.3. Engineering Discipline in Turkish Science Curricula

Development of the country is mostly based on education, so it is curriculum that
makes the education system effective in a country. For this reason, it can be said that
the curriculum is the heart of the education in a country. Questions about what
textbooks and other supporting materials for learning should be like; how schools and
the educational system should be organized and managed; how learners should be
assessed etc. are included in the term of curriculum. As other curriculum in different
subjects (Mathematics, Turkish etc.) have been progressed many times, science

curriculum development and implementation have also developed for many times
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internationally in the history. According to Coll and Taylor (2012), curriculum

developments should be needs-based and about health-related matters.
2.3.1. 2017 Turkish Science Curriculum

In 2017, a new science curriculum was published named as “2017 Turkish Science
Curriculum” in Turkey (MEB, 2017). The new curriculum was a partially revised
version of “2013 Turkish Science Curriculum” because of some evaluations.
According to 2017 Turkish Science Curriculum, there were no extensive changes in
the new curriculum in terms of learning approach and vision (MEB, 2017). In the
curriculum of 2017, the students could have interdisciplinary point of view for their
problems with integration of science with mathematics, technology and engineering.
(Sentiirk & Aydogmus,2017). Although there were objectives about science,
technology and mathematics disciplines of STEM education in 2013 Turkish Science
Curriculum, objectives about engineering discipline were not emphasized clearly. For
this reason, engineering design-based activities supported the integration of
engineering discipline to science education to make “Engineering(E)” part in STEM
education clear (MEB, 2017). “Science and Engineering Applications” that was not
included in other curricula was added to 2017 Turkish Science Curriculum as a new
unit in each grade level (Figure 2.2.), and innovative and entrepreneurial thinking
skills were added in the context of 21. century skills.

Engineering design-based activities as part of “Science and Engineering Applications”
in each grade level were approaches for solving problems of engineers basically.
Engineering design-based science education is teaching approach which includes
integration of STEM disciplines to gain targeted behaviors and skills of producing
solutions for engineering design problems in the daily life (Hacioglu, Yamak &
Kavak, 2016). Students can understand interdisciplinary interactions, establish
connections between engineering and science, and develop worldviews by bringing in
what they learn in an experiential way with the help of engineering practices. (Sentiirk

& Aydogmus,2017).
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Siif | No Unite Adi Konu Alam Adi Kazanim Sure
Sayist Ders Saati Yiizde %

1 Ginesg, Dinya ve Ay Dinya ve Evren 7 28 19,4

2 Canlilar Dumyas Canhlar ve Yasam 2 12 83

3 Kuwvetin Olgilmesi ve Sirtinme Fiziksel Olaylar 4 12 8,3

4 | Madde ve Degisim Madde ve Dogasi [ 26 18,1

3 5 IsIgin Yayi mas Fiziksel Olaylar [ 22 15,3
6 insan ve Cevre Canhlar ve Yasam 6 16 11,1

7 Elektrik Devre Elemanlan Fiziksel Olaylar 3 16 11,1

3 Fen ve Mihendislik Uygulamalan l Uygulamal Bilim 3 12 83
Toplam 36 144 100

1 Giines Sistemi ve Tutulmalar Dinya ve Evren 5 14 8.7

2 | wvicudumuzdaki Sistemler Canhlar ve Yasam 11 24 16,7

3 Kuwvet ve Hareket Fiziksel Olaylar 5 14 8,7

e 4 Madde ve Isi Madde ve Dogasl 13 28 19,4
5 | Sesve Gzellikleri Fiziksel Olaylar 9 24 16,7

6 | Vicudumuzdaki Sistemler ve Saghgi Canhlar ve Yasam 9 16 11,1

7 Elektrigin iletimi Fiziksel Olaylar 5 12 83

8 Fen ve Mihendislik Uygulamalan l Uygulamal Bilim 4 12 83

Figure 2.2. Unit Distribution of 5 and 6" Grade in 2017 Turkish Science Curriculum

Source: MEB, 2017, p.9

2.3.2. 2018 Turkish Science Curriculum

In 2018, a new science curriculum was published named as “2018 Turkish Science
Curriculum” in Turkey (MEB, 2018). The new curriculum was a partially revised
version of “2017 Turkish Science Curriculum” because of evaluations. As different
from 2017 Turkish Science Curriculum, “Science, Engineering and Entrepreneurship
Applications” was added as a new term instead of the term of “Science and
Engineering Applications”. Although, approaches and visions were the same in each
subject area, this new subject area, “Science, Engineering and Entrepreneurship
Applications”, was not emphasized as a separate unit in each grade level because it

was integrated in each grade level (Figure 2.3).

Therefore, engineering design-based activities were integrated as part of “Science,
Engineering and Entrepreneurship Applications” in each grade level in 2018 Turkish
Science Curriculum by revising 2017 Turkish Science Curriculum to improve
students’ engineering and design skills. Within the context of these regulations,
beginning from 4™ grade, the students were expected to make activities or projects as
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part of “Science, Engineering and Entrepreneurship Applications” by considering

their daily life problems (MEB, 2018).
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Figure 2.3. Unit Distribution of 5" and 6" Grade in 2018 Turkish Science Curriculum

Source: MEB, 2018, pp.12-13

2.4. Attitudes Towards STEM

Burke and Mattis stated that economical growth, the stability and security of the
nations, and citizens health needs the progress of knowledge, and attitudes towards
STEM fields (as cited in Popa & Ciascai, 2017). Therefore, there have been growing
rate in the number of employement opportunities in STEM fields in the first decay of
21% century (Faber, Unfried, Wiebe, Corn, Townsend, & Collins, 2013). These
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employements require knowledge in STEM fields and 21st century skills which are
critical thinking, communication, colloboration, problem solving, self management
etc.). Therefore, demand for these employements in STEM fields encourages to
increase in the number of graduates having STEM competencies and 21st century
skills (Faber et al., 2013). Accordingly, new generation students should be trained
with this consciousness, and gained knowledge and skills to solve their problems that
they may encounter. Nargund-Joshi and others (2013) stated that the students should
integrate their knowledge and 21% century skills .to different situations in their daily
lives. Thus, the students should be encouraged for educational environment which
integrates different disciplines for necessary knowledge, innovation qualifications and
21%t century skills. However, more students are needed to be interested in STEM
careers for economic growth and one of the major goals of K-12 STEM education in
U.S. is to develop students’ attitudes towards STEM (Guzey, Harwell, & Moore,
2014). Moreover, students’ learning and motivation to learn STEM subjects can be
affected from their attitudes (Osborne, Simon & Collins, 2003; Guzey, Harwell, &
Moore, 2014).

In the literature, there have been many researches about students’ attitudes towards
science and mathematics, less researches about their attitudes towards technology and
engineering separately (Guzey, Harwell, & Moore, 2014). According to Moore and
Sutman (1970), scientific attitude is “an opinion or position taken with respect to a
psychological object in the field of science” and it is consisted of likes, feelings,
beliefs and opinions toward science field (Krynowsky, 1988). The results of many
studies presented that students’ career choices are affected from their positive attitudes
towards science. Like the researches on attitudes towards science, many studies also
were conducted on students’ attitudes towards mathematics by focusing on the
relationship between their achievement and attitudes towards mathematics (as cited in
Guzey, Harwell, & Moore, 2014). Moreover, the researches about students’ attitudes
towards technology have gained importance in the literature because of using

technologies as fundamental tools in schools nowadays. However, studies about the
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attitudes towards engineering discipline are very limited because of becoming a new
research area. Most of the studies are about the implementation of engineering
instructional practices (Guzey, Harwell, & Moore, 2014). Therefore, there have been
also limited studies about the effect of engineering design activities on students’
attitudes towards STEM (Guzey, Moore, Harwell, & Moreno, 2016). Moreover,
Blalock, Lichtenstein, Owen, Pruski, Marshall, and Toepperwein (2008) stated that
there have been variety of instruments assessing students’ attitudes towards STEM,
but they were developed to assess attitudes towards one of the STEM disciplines. For
this reason, STEM subjects are learnt through separated STEM education rather than
integrated STEM education.

Researches showed that numbers of students who study post-compulsory science and
mathematics decrease around the world (as cited in McDonald, 2016). The reason of
this declining focuses on students’ motivation towards mathematics and science
because of transition from primary school to high school (McDonald, 2016). This
decrease in motivation also affects students’ attitudes towards STEM career choices.
For example, the exam results of first 1000 students applied by OSYM (Ogrenci
Se¢me ve Yerlestirme Merkezi) between 2000 and 2014 in the numeric field showed
that there is statistically decrease from 85,63% in 2000 to 38,23% in 2014 in STEM
field in Turkey. Therefore, students’ attitudes towards STEM disciplines can be
increased with the integration of technology and engineering in K-12 curriculum.
Integration of engineering in curriculum increases students’ academic achievement,
21% century skills, motivation towards science learning and attitudes towards STEM
(Moore et al., 2015). For this reason, engineering design-based activities support the
integration of engineering discipline with science education (NAE & NRC, 2014;
Ercan, 2014).

2.4.1. Studies about Attitude Towards STEM

Guzey, Harwell and Moore (2014) investigated students’ (grades 4-6) attitudes
towards STEM and STEM careers. A total of 662 students (57 4™ graders, 332 5%
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graders, and 273 6" graders) voluntarily participated to the study. 203 of the students
were from STEM-focused school while 459 students were from non-STEM-focused
school. In non-STEM-focused schools, the students did not receive a separate
engineering class, and they learnt engineering in science classes. However, the
students learnt about engineering design process and engineering as a seperate
engineering class, so integrated STEM education was used in STEM-focused schools.
Data were collected through the survey developed by the authors to assess the
students’ attitudes towards STEM. The survey includes 32 items of 5-point Likert-
type. The result of the study showed that STEM-focused schools significantly affect
the mean score of the students’ attitudes towards STEM over other students

participated in non-STEM-focused schools.

In other study, Guzey, Moore, Harwell and Moreno (2016) conducted the study about
the effects of engineering design-based science curriculum on 7th grade students’
learning and attitudes towards STEM. Three middle school life science teachers
participated in the 3-week-long summer professional development program in which
they learnt about engineering design and developed a design-based unit together. The
unit was prepared based on eight practices of science and engineering practices; define
problems, develop and use models, plan and carry out investigations, analyze and
interpret data etc. Then, 275 students of 7th grade were implemented the prepared
curriculum unit by these trained teachers. Data were collected by using a content test
to assess students’ understanding in engineering, science and mathematics disciplines,
and attitude survey to assess students’ attitudes towards STEM in both before and after
the engineering-based curriculum unit. The result of the study showed that there was
statistically significance increase on 7" students’ academic success in science
concepts and attitudes towards STEM after receiving engineering-based curriculum

unit.

The similar study by Mahoney (2010) investigated the effect of high school STEM-
based programs on students’ attitudes towards STEM over a conventional college

preparatory school; and the students’ attitudes towards STEM for the independent
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variable of gender. Participants of the study were 144 10" and 11" grade students.
Some of the students were from a high school consisting of STEM-based program
while other students were from the other high school consisting of conventional
college preparatory program. In STEM-based program schools, the students received
specific focus and dedication toward STEM. Data were collected by the instrument to
measure the students’ attitudes towards STEM. The instrument included total of 96
items in science, technology, engineering and mathematics disciplines for principal
components of interest, ability and value. The result of the study indicated that male
students showed significantly more positive attitude towards STEM than the female
students for the independent variable of gender. However, the high school students in
the STEM-based high school did not show significant positive attitude towards STEM

comparing to the students of conventional college preparatory school.

Ozcan and Koca (2019) investigated the effect of a teaching module based on STEM
approach on 7" grade students’ academic achievement and their attitudes towards
STEM. A total of 33 7"" students participated to the study for 2017-2018 school year.
At teaching module based on STEM education approach about the subject of
“Pressure” was applied in experimental group (n=20) while the approach about the
same subject as stated in the curriculum was applied in comparison group (n=13).
Teaching module which was used in experiemental group was prepared based on 5E
model while the lesson plans which were implemented in comparison group were
prepared based on the research-question based teaching structure as stated in the
curriculum. The process of the study was 12 lesson hours. Data were collected through
an academic achievement test, semi-structured interviews, an attitude scale for STEM,
and the students’ diaries. Attitude towards STEM scale includes 37 items, 5-point
Likert type scale. The result of the study showed that experimental group taught with
STEM education approach showed increased academic achievement and more

positive attitude towards STEM over other students participated in comparison group.

In other study, Bekir and Selvi (2017) conducted the study about the effect of a STEM

applications and master learning on 7" grade students’ academic achievement, inquiry
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learning skills perceptions, motivations, their attitude towards STEM applications and
permanence of information of the secondary school students. 78 7" grade students in
3 different class participated to the study. The students in first class were taught with
STEM applications, the students in second class were taught with STEM applications
and master learning, and other students in third class were taught with the lessons as
stated in the curriculum. The first and second classes were experimental group (n=56)
while other students in third class were comparison group (n=22). The process of the
study was 8 weeks. Data were collected through achievement tests which are
“Academic Achievement Test I (AAT I)” and “Academic Achievement Test II (AAT
IT)”, “Scale of Inquiry Learning Skills Perception towards Science (SOILSPTS)”,
“Motivation Scale towards Science (MSTS)” and “STEM Attitude Scale (SAS)”.
STEM Attitude Scale (SAS) wad adapted into Turkish version by Yildirim and Selvi
(2015) and it includes 37 items, 5-point Likert type scale. The result of the study
showed that experimental group taught with STEM education approach showed
developed motivation for academic achievement and motivation, positive permanence
of the learned information. However, participants did not show inquiry learning skills
perceptions for STEM attitude and science after participating STEM applications and

mastery learning.

In addition to these studies about the attitudes towards STEM, the results of some
studies about attitudes towards STEM were also explained in the “Studies about
STEM Education” and “Research on Engineering Design-Based Science Education”
parts above. Some of these studies conducted by Guzey, Moore, Harwell, and Moreno
(2016); Yamak and others (2014); Yasak (2017); Baran, Canbazoglu-Bilici and
Mesutoglu (2015); and Tiirk (2018) examined change in attitudes towards STEM or

science.
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CHAPTER 3

METHODOLOGY

In methodology chapter, model of the research; research group (participants) of the

study; and instruments for data collection; and administration parts are presented.
3.1. Design of the Study

The purpose of the present study is to study the effects of engineering design-based
instruction on 7" grade students’ nature of engineering views and attitudes towards
STEM. Therefore, quantitative research was operated by supporting with qualitative
data to attain the purpose of the study. Quantitative research uses specific statistical
techniques to explain an issue or phenomenon by numerical data. It answers questions
like what, where, when, how many, and how (Apuke, 2017). According to Williams
(2011), quantitative research covers a statement of a problem, hypothesis and research

questions, related literature review, and quantitative analyses of data.

In the present study, quantitative research was operated to examine students’ nature
of engineering views and attitudes towards STEM. Students’ nature of engineering
views with an open-ended scale which is “Views for Nature of Engineering -
Elementary School Version (VNOE-E)” (Yesilyurt, Deniz & Kaya, 2019); and
students’ attitudes towards STEM with a 5-point Likert-type questionnaire which is
“STEM Attitude Scale: Middle School Version (M-STEM)” (Yildirim, 2015) were
analyzed. Collected data from these 2 different scales were analyzed with IBM SPSS
Statistics 24.0. However, in qualitative researches, the main purpose is to collect
detailed data about the studied topic. Therefore, students’ nature of engineering views
was also analyzed as qualitatively to support quantitative results of the study.

In this study, engineering design-based activities which were integrated into “Force

and Energy” unit covered in 2018 Science Curriculum were implemented in 7" grade
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science classroom. Within the context of this unit, “Tower Construction” and
“Parachute Construction” activities were prepared. To evaluate the effects of these
activities in quantitative part of the study, the static group pretest-posttest design was
used because the participants were not randomly assigned into the groups (Fraenkel
& Wallen, 2006). However, experimental (E) and comparison (C) groups were
randomly assigned among already formed two intact sections of 7 grades.
Independent variable of the design of the study is engineering design-based activities,
while dependent variables are students’ nature of engineering views and attitudes

towards STEM. Design of the study is shown in Table 3.1. below.

Table 3.1. Symbolic Notation of the Randomized Pretest- Posttest Comparison Group Design

Group Randomization Pre-Test Treatment  Post-Test
E R 04,0, EDBI 04,0,
c R 0,,0, CBI 04,0,

In the Table 3.1 above, experimental group is represented with “E”, comparison group
is represented with “C”, and these groups were randomly assigned which is stated with
“R” at the beginning of study. To control the subject characteristics threat to internal
validity of the study, random assignment is influential technique (Fraenkel, Wallen,
& Hyun, 2012). In this study, the effects of engineering design-based instruction on
students’ nature of engineering views and attitudes toward STEM were investigated,
so engineering design-based instruction (EDBI) was operated in the experimental
group (E) while curriculum-based instruction (CBI) based on the objectives in 2018
Science Curriculum was operated in the comparison group (C). To evaluate the effects
of engineering design-based activities, 2 different instruments which are “Views for
Nature of Engineering-Elementary School Version (VNOE-E)” stated with “0,"; and
“STEM Attitude Scale: Middle School Version (M-STEM)” stated with “0," were

used as pre and post-tests.
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3.2. Research Group (Participants) of the Study

In the present study, all 7™ grade students in public schools in Ankara were identified
as the target population of the study while all 7" grade students in a public school of
Cankaya district of the city was chosen as accessible population. Accordingly,
convenience sampling was preferred by the researcher. Convenience sampling is a
technique for preferring a group of individuals who are available for the study and one
of the most common sampling techniques because of providing easy accessibility
(Fraenkel, Wallen, & Hyun, 2012). Therefore, a public elementary school in Cankaya
district of Ankara was selected conveniently by the researcher in 2018-2019 school
year. This public school was available for the aim of the study, and school
administration offered unlimited research opportunities like science lesson hours for
the application of the study. In addition, it was nearby middle school for the researcher,
so loss of money, effort and labor force were minimized with convenience sampling.
After necessary consultations about the study with the school administration and
science teachers of 7" grades, the compulsory permission was received from
Governor’s Office of Ankara and Provincial Directorate of National Education
(Appendix-A).

In this selected school, there were 3 different sections of 7" grade. The fact that there
were no any criteria while forming these sections was stated by the school
administration during the consultation. In other words, all these 3 different sections
had heterogeneous structure in terms of academic achievement and socio-economic
status. Number of the students in these sections was between 17 and 24. Two different
7" grade sections (7B and 7C) were selected randomly by the researcher. The students
in one section were comparison group of the study while other students in other section
were experimental group of the study. The number of the students in these selected

sections in terms of section size and genders is stated in Table 3.2. below.
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Table 3.2. Distribution of the Students in Experimental and Comparison Groups

. Comparison
Experimental Group (E) GroEp ©) Total
Male Female Male  Female
Frequency () 9 15 11 6 41
Total 24 17

In comparison group, curriculum-based instruction based on the objectives about the
unit of “Force and Energy” on 2018 science curriculum was administered by the
science teacher while in experimental group, engineering design-based instruction
which was developed by considering objectives about the unit of “Force and Energy”
on 2018 science curriculum was administered by the researcher.

3.3. Data Collection

In this part, instruments for data collection and administration of the procedure are

presented.
3.3.1. Description of Instruments

In this study, quantitative research was operated, so instruments for data collection
were classified as quantitative or qualitative data scales. Two different instruments
were used in the study. Comprehensive information about the instruments is explained
in Table 3.3. below.

Table 3.3. List of Instruments

Instrument Sub-dimensions Number of Items
VNOE-E - 11
M-STEM Mathematics 8

Science 9
Engineering 9
21:t Century Skills 11
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3.3.1.1. Views for Nature of Engineering -Elementary School Version (VNOE-E)

Views for Nature of Engineering - Elementary School Version (VNOE-E) was used
as both quantitative and qualitative data scale of the study. This scale was developed
by Yesilyurt, Deniz and Kaya (2019) by modifying the Views of Nature of Science
Questionnaire Version E (VNOS-E) (Lederman & Ko, 2004) and adding Draw-an-
Engineer-Test (DAET) (Knight & Cunningham, 2004). The researcher adapted this
scale into Turkish language named as “Miihendisligin Dogasina Yonelik Goriisler;
[Ikdgretim Versiyonu (MDYG)” (Appendix-B). The questionnaire is open-ended
scale, so answers were evaluated depending on the rubric which is “Descriptions of
Nature of Engineering (NOE) Aspects” (Appendix-C) developed by Deniz et al.
(2017) in quantitative part of the research.

Yesilyurt et al. (2019) developed original form of the questionnaire by modifying
“Views of Nature od Science Questionnaire Version E (VNOS-E)” and implemented
to a total of 6 elementary students (grades 3-5) to assess elementary students’ nature
of engineering (NOE) views with an engineering design experience. Students were
administered the VNOE-E both at the beginning and at the end of the treatment. In
data analysis, responses were analyzed based on the NOE framework describing each
NOE aspects developed by the authors (Deniz, Yesilyurt, Kaya & Trabia, 2017). The
NOE framework was developed by adapting NOS research framework to assess NOE
views of elementary teachers in their previous study (Deniz, Yesilyurt, Kaya & Trabia,
2017). They pointed out that similarity between NOS and NOE aspects like
tentativeness, subjectivity, socially and culturally embeddedness etc. except
engineering design process (EDP). 6 participants’ written responses in the VNOE-E
were collectively classified by three authors according to NOE aspects, and their
responses for each NOE aspect were also individually analyzed by the authors by
assigning a score according to the rubric developed in this study (Deniz et al., 2017).
As a result, they achieved more than 90 percent of inter-rater reliability for the

guestionnaire.
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In the present study, Turkish version of VNOE-E was used to assess 7" grade students’
nature of engineering views. This elementary version of the questionnaire covers 11
questions in terms of 7 different aspects which are engineering design process,
tentativeness, demarcation criteria, subjectivity, social and cultural embeddedness,
social aspects of engineering, and creativity. Questions and related NOE aspects are

given in Table 3.4. below.

Table 3.4. VNOE-E Questions and Related NOE Aspects

Question number The NOE aspects question refers to
1 General idea about engineering
2 Demarcation aspect
3 General idea about engineering
4 Demarcation aspect
5 Demarcation aspect
6 Engineering design process
7 Tentativeness
8 Creativity
9 Subjectivity
10 Social and cultural aspect
11 Social aspects of engineering

The researcher made a change in the 9" question in VNOE-E (TV commercials show
that there is a variety of soda can crushers available in the market. Can there be a best
soda can crusher?) by getting necessary permissions from the authors of the original
form of the questionnaire (VNOE-E) while adapting the questionnaire into Turkish
because a soda can crusher is not familiar for students in Turkey. Then, the clarity and
comprehensibility of the adapted version in Turkish which is “Views for Nature of
Engineering-Elementary School Version (VNOE-E)” was affirmed by the
researcher’s advisor who is a professor of science education, a science teacher and a

researcher in STEM education to provide content-related validity, and the
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questionnaire was found to be appropriate for the students’ grade level. Moreover,
reliability of the VNOE-E was supplied depending on scoring agreement with another
researcher who is a master student on science education and studies on STEM
education according to the rubric which is “Descriptions of Nature of Engineering
(NOE) Aspects” (Appendix-C) prepared by Deniz et al. (2017). The result showed
that 89 percent inter-rater reliability was achieved for reliability of the instrument as

shown in Table 3.5.

Table 3.5. Intraclass Correlation Coefficient for VNOE-E

Intraclass Correlation
Single Measures .80

Average Measures .89

3.3.1.2. STEM Attitude Scale: Middle School Version (M-STEM)

In quantitative part of the study, students’ attitudes towards STEM were evaluated by
using STEM Aittitude Scale: Middle School Version (M-STEM)”. This attitude scale
was originally developed by Faber, Unfried, Wiebe, Corn, Townsend and Collins
(2013) named as “STEM Attitude Scale”. Faber et al. (2013) developed this scale by
implementing to 9081 participants in 2012-2013. It covers 37 items in terms of 4
different sub-dimensions which are mathematics, science, engineering and 21%
century skills. Cronbach Alpha value of the scale was found to be 0.83 and Cronbach

Alpha values of sub-dimensions were 0.83 and above (Faber et al., 2013).

Yildirim and Selvi (2015) adapted “STEM Attitude Scale” into Turkish language
named as “Ortaokul Ogrencilerinin STEM’e (M-STEM) Kars1 Tutumu” (Appendix-
D). The questionnaire is 5-point Likert-type scale, so answer options are organized as
“5=Certainly Agree”, “4= Agree”, “3=Undecided”, “2= Disagree”, and “1= Certainly
Disagree”. Authors adapted this scale with 37 items in terms of 4 different sub-

dimensions like in the original form of the scale. Explaratory factor analysis was
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applied to investigate the structural validity of the scale, and the results determined
factors which are mathematics, science, engineering, technology and 21% century
skills as the original scale. Then, confirmatory factory analysis to test the structure
with theoretical basis was applied, and the results investigated that the scale featured
a good level of fit with the fit values (x2/df = 4.72; RMSEA = 0.063, SRMR = 0.053,
CFl = 0.96, GFI = 0.87, AGFI = 0.85, NFI = 0.95, IFI = 0.95). Moreover, they
calculated Cronbach Alpha value of the overall scale as 0.94. In addition, Cronbach
Alpha values of the sub-dimensions are 0.89 for mathematics and 21°% century skills;

and 0.86 for science and engineering as shown in Table 3.6. below.

Table 3.6. Cronbach Alpha Values of “STEM Attitude Scale: Middle School Version (M-STEM)”

Number Original Form  Turkish Form In the

of Items (Faberetal., (Yudwim & Selvi,  Present

2013) 2015) Study

Overall Scale 37 0.83 and above 0.94 0.95
Mathematics 8 0.83 and above 0.89 0.91
Science 9 0.83 and above 0.86 0.91
Engineering 9 0.83 and above 0.86 0.82
215tsiielr£ury 11 0.83and above 0.89 0.91

In this study, Cronbach Alpha value of the overall scale was calculated as 0.94 for the
scale. Cronbach Alpha values of the sub-dimensions were calculated as 0.91 for
mathematics, science and 21 century skills; 0.82 for engineering as shown in Table
3.3. above. These values showed that this scale has high level of reliability and can be
used for the study (Field, 2009).

3.3.2. Treatment

In this study, quantitative method research was operated to evaluate students’ nature

of engineering views and attitudes towards STEM.
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Two different 7" grade classes in which while the students were comparison group in
one class, other ones were experimental group were studied for 5 weeks (16 lesson
hours). Two different instruments which are VNOE-E (Appendix-B), and M-STEM
(Appendix-D) were administered in both classes at the beginning and at the end of the
Instructions as pre and posttests. In comparison group, curriculum-based instruction
(CBI) was applied by the science teacher on “Force and Energy” unit, while in
experimental group, engineering design-based instruction (EDBI) was applied by the
researcher on the same unit. Before the implementation process, the researcher had
several meetings with the science teacher, and gave information about the process of
the treatment. Since the teacher had no experience of implementing engineering
design-based instruction and engineering design process in classroom environment,
she did not prefer to implement engineering design-based instruction to experimental
group of the study. Therefore, CBI was implemented by the science teacher to the
experimental group, and EDBI was applied by the researcher who had prior

knowledge about engineering design process before the treatment.

For 3 weeks (12 lesson hours) which was between implementation of pre and post-
test of instruments, curriculum-based instruction (CBI) on “Force, Work and Energy
Relation” and “Energy Conversion” topics of “Force and Energy” unit by considering
related objectives for the topic in 2018 Turkish Science Curriculum was applied to the
comparison group. However, in experimental group, nature of engineering and
engineering design process (Appendix-E) was presented by the researcher and a
mechanical engineer, and engineering design-based instruction (EDBI) was
administered by the researcher according to two different lesson plans. “Lesson Plan
for Tower Construction” (Appendix-G) on the topic of “Force, Work and Energy
Relation”; and “Lesson Plan for Parachute Construction” (Appendix-1) on the topic of
“Energy Conversion” were prepared by the researcher. In these lesson plans, firstly,
the instructor tries to make connections between prior and present knowledge by
increasing the students’ curiosity towards to the topic; then, the students actively

explore their environment, moved materials, define and improve concepts by
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questioning and discussion. After that, the students verbalize their conceptual
understanding and present new skills or behaviors. Lastly, the students’ understanding

of concepts and development in their skills are evaluated.

These two lesson plans were developed by the researcher based on the objectives for
the topic in 2018 Turkish Science Curriculum, and some activities were embedded in

these lesson plans as shown in Table 3.7. below.

Table 3.7. The details of the lesson plans used in EDBI

Topics and Lesson Plans

Duration

Objectives

Science Conceplts

Activities

Force, Work and Energy
Relation (Lesson Plan for
Tower Construction)

6 lesson hours

F.7.3.2.1. Explain the
kinetic and potential energy
by linking with energy and
work concepts

F.7.3.2.2. Design a 3D
project related to a problem
about the relation between
kinetic and potential energy

Force

Work

Energy

Kinetic Energy
Potential Energy

Elastic and Gravitational
Potential Energy

Presentation about
Tower Construction
‘Watching Video on
Kinetic and Potential
Energy

Simulation about
Kinetic and Potential
Energy

¢ Daily Life Examples for

‘Work, and Kinetic and

Energy Conversion (Lesson
Plan for Parachute
Construction)

4 lesson hours

Potential Energy
. Activity Sheet of Tower
F.7.3.2.3. Explain nature of .
; ; Construction
engineering aspects (Appendix-T)
Conceptual Questions
F.7.3.3.1. Explain
conservation of energy by Presentation about
considering conversion of Parachute Construction
kinetic and potential energy Watching Video on
with each other Conversion of Kinetic
* Kinetic Energy and Potential Energy
F.7.3.3.2. Explain the effect s Potential Energy Simulation about

of friction force on kinetic
energy with examples

F.7.3.3.3. Designa 3D
project related to a problem
about conversion of kinetic
and potential energy

F.7.3.3.4. Explain nature of
engineering aspects

Conversion of Kinetic
and Potential Energy
Friction Force (Air and
‘Water Resistance)

Conversion of Kinetic
and Potential Energy
Daily Life Examples for
Conversion Kinetic and
Potential Energy

e Activity Sheet of

Parachute Construction
(Appendix-K)
Conceptual Questions

As shown in Table 3.7., engineering design-based activities (Tower Construction and
Parachute Construction) which were preaped based on engineering design process
(EDP) were applied within these lesson plans. In these activities, the students were
expected to solve a daily life problem in terms of engineering design process steps. As
explained before, there are various types of design processes sharing similar

expectations (the definition of the problem, revealing the possible solutions,
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analyzing, testing and evaluating the solutions and renewing the solution if necessary)
(Wendell et al., 2010; Deniz et al., 2017). However, different version of the design
process developed by Wendell and others (2010) was used in the present study. Last
two steps of that design process were combined and formed as “building and testing
prototype”. Therefore, engineering design process steps were finding a problem or
need, researching possible solutions, choosing the best solution, and building and
testing the prototype in the present study. During constructing these projects, activity
sheets which are “Activity Sheet of Tower Construction” (Appendix-H) and “Activity
Sheet of Parachute Construction” (Appendix-J) prepared by the researcher were
distributed to the students to follow nature of engineering (NOE) aspects (empirical
basis, demarcation criteria, tentativeness, subjectivity, social aspects of engineering,

creativity, social and cultural embeddedness, and engineering design process) easily.

These engineering design-based activities were adapted from the activities which are
“What is Engineering? Tower Power” and “A Long Way Down: Designing
Parachutes” in Engineering is Elementary website by the researcher. These adapted
activities were selected and analyzed by the researcher based on the “STEM Analysis
Criteria” rubric (Aydin, 2019) (Appendix- F). According to Aydin (2019), STEM
activities should be suitable for STEM approach by considering some criteria shown
in Appendix-F. According to STEM analysis criteria, firstly, the activity should
include a daily life problem, and also the lesson should start with this problem. In both
engineering design-based activities (“Activity Sheet of Tower Construction”
(Appendix-H) and “Activity Sheet of Parachute Construction” (Appendix-J), the
problems were given in two different scenarios. Then, the students were encouraged
to find the problem by asking a question like “What is the problem in the scenario?”
in “finding a problem or need” step of EDP. Secondly, the activity should include an
integration of one or more than one disciplines of STEM. In the lesson plans,
engineering design-based activities were prepared based on engineering design

process (EDP). The students followed steps of EDP respectively (Table 3.8.).
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Table 3.8. Activity Sheets

Step

The students identified the problem or need, and criteria
and constraints for the final product or system by asking
questions

The students searched for existing solutions, and
brainstorm for alternative solutions by considering
criteria and constraints

The students analyzed and evaluated many solutions
Choosing the best they propose within the framework of design criteria
solution and constraints and chose the solution that best meets
the criteria and constraints

Individuals design their prototype by putting into
practice of knowledge in the theory they learnt and by
considering the limitations and success criteria. Then,
protypes were tested, and if there were deficiencies in
the prototype, the students were encouraged to redesign
them for the next lesson.

Finding a problem or
need

Researching possible
solutions

Building and testing
the prototype

Therefore, science (kinetic and potential energy concepts) and engineering
(application of engineering design process steps) disciplines of STEM could be
provided with engineering design-based activities in the present study. Thirdly, the
activitiy should be student-centered. In the present study, the activities gave an
opportunity to the students about making their own searches in “researching possible
solutions” step, enabled the students to present scientific questions when they made
their own designs (“How should the tower be? Long or short?” or “How should the
air resistanbe be? Much or little?””). The students chose their materials by making
discussions with their group members, and they decided their design of prototypes
freely according to constrains and criteria. The researcher only guided students during
the process by asking questions, so activites were student-centered. In these activities
project-based learning was used in which students were expected to find the problems

and designed their prototypes by making discussion with their group members and
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presented prototypes verbally. The activity should provide an opportunity to the
students to work in small groups and group communication. During engineering
design process steps, the students worked in small groups (4-5 students) by acting as
an engineer and discussed criteria and constraints, chose materials and designed their
prototypes together. After designing, the students tested their prototypes based on the
rubric as stated in the appendices (Appendix-H and Appendix-J). Then, if there were
deficiencies in the prototype, the students were encouraged to redesign them for the
next lesson. In addition, in the activity sheet, there were some questions about what
and why they made changes in their prototype. Lastly, in activity sheets, the rubric for
evaluation, the criteria and constraints were presented to the students at the beginning

of the designs.

Revisions and evaluations about lesson plans and engineering design-based activities
were carried out based on feedbacks of the advisor of the researcher who is a professor
of science education, another researcher who is a master student on science education

and studies on STEM education and the science teacher.
3.3.2.1. Engineering Design-Based Instruction (EDBI)

In experimental group (7/C), engineering design-based instruction (EDBI) was
administered by the researcher based on two different lesson plans, which were
explained before in Table 3.7., for 3 weeks (10 lesson hours) as presented in detail in
Table 3.9. below.

After administration of two different instruments (VNOE-E and M-STEM) as pre-
tests, in experimental group in the first two lesson hours of the second week, the
researcher and a mechanical engineer explained nature of engineering (NOE) aspects
namely, demarcation criteria (What is engineering? What makes engineering different
from other disciplines?), tentativeness, subjectivity, social aspects of engineering,
creativity, social and cultural embeddedness, empirical basis, and engineering design
process steps with the engineer’s experiences and studies. At the beginning of the

lesson, the researcher asked some questions to the students like “Do you want to
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become an engineer when you grow up?”, “What is engineering?”’, “What are the
engineering products in your daily life?”, “Which type of engineering do you know?”
to increase the students’ attention to the lesson. Then, the mechanical engineer
presented NOE aspects, engineering design process steps, and his projects. Therefore,
discussion-based lesson was made among the researcher, the engineer and the students

by using visual supported presentation (Appendix-E) on the smartboard.

In other two lesson hours of the week, the same topic which is “Force, Work and
Energy Relation” was started by the researcher based on engineering design-based
instruction (EDBI) in experimental group. The researcher administered the lesson
according to the lesson plan which is “Lesson Plan for Tower Construction”
(Appendix-G). In two lesson hours, the students’ prior knowledge about force, mass
and weight concepts was obtained by questioning; then, the students were initiated for
the topic of force, work and energy relation by a video and a simulation about Kinetic
and potential energy. After engagement to the lesson, the students made necessary
explanations about work, kinetic and potential energy, and the types of potential
energy (elastic and gravitational potential energy concepts) and gave daily life

examples for them under the guidance of the researcher by questioning method.

In the third week, an engineering design-based activity which is “Tower Construction”
was started, and this activity was prepared based on engineering design process (EDP).
“Activity Sheet of Tower Construction” (Appendix-H) which is covered in the lesson
plan was distributed to the students to follow engineering design process (EDP) steps
easily. During this activity, the students were expected to study in group (4-5
students), and also the students acted as an engineer during activities. Therefore, the
name cards were distributed to the students like “Engineeer XX”. In the first two
lesson hours of the week, the students followed first three steps which are “Finding a
problem or need”, “Researching possible solutions”, “Choosing the best solution” in
the engineering design-based activity. Firstly, the students read the scenario, and
integrated Kinetic and potential energy concepts to the scenario. Then, the students

recalled engineering design process steps which were explained in previous week.
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Next, in the first step of EDP, the students asked to identify the problem or need in the
scenario started. In next step, “researching possible solutions”, the students searched
for existing solutions, and brainstorm for alternative solutions by considering criteria
and constraints. The students integrated their knowledge about potential and kinetic
energy and solution for the identified problem in previous step. They decided that if
the tower should be long or short or not by considering these scientific concepts. In
addition, the constraints and criteria were given to the students for their tower
construction (cost, materials, time etc.). Then, the students decided their materials with
their group members by discussion in the light of the constraints and criteria. In the
third step, the students analyzed and evaluated many solutions and chose the solution
that best meets the criteria and constraints. Then, they drew their design in the activity
sheets. In next two lessons of the week, last step which is “Building and testing the
prototype” of EDP was covered, and four evaluation questions (7th, 8th, 9th and 10th
questions) in the activity sheet were answered by the students. In the first lesson, each
group built their own towers decided on “Choosing the best solution” step of EDP in
previous lesson. In the next lesson, each group tested their prototypes based on
evaluation rubric (Appendix-L) and answered last four conceptual questions (7%, 8",
ot and 10" questions) in the activity sheet. These questions were about design and

redesigning the prototypes.

In the fourth week, next topic which is “Energy Conversion” of “Force and Energy”
unit was started in each class. In experimental group, the researcher administered an
engineering design-based activity like previous week. The researcher administered
“Lesson Plan for Parachute Construction” (Appendix-I). In first two lesson of the
week, the students’ prior knowledge about work, energy, and kinetic and potential
energy concepts was obtained; then, the students were initiated for the topic by a video
and the simulation about kinetic and potential energy used in previous activity. After
engagement to the lesson, the students made necessary explanations about conversion
of kinetic and potential energy with each other and gave daily life examples for them

by using questioning method by the researcher. Then, “Activity Sheet of Parachute
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Construction” (Appendix-J) which is covered in the lesson plan was distributed to the
students to follow EDP steps easily. Like in previous activity, the same procedures
were followed; the students studied in group (4-5 students) and acted as an engineer.
In the first two lesson hours of the week, first three steps (“Finding a problem or need”,
“Researching possible solutions”, “Choosing the best solution”) of EDP depending on
“Parachute Construction” activity was followed by the students. Firstly, the students
read the scenario, and tried to find the related kinetic and potential energy concepts
and conversion of them with each other in the scenario. Then, the students recalled
engineering design process steps which were explained in previous weeks. Next, the
students started with “finding a problem or need” of EDP and identified the problem
or need in the scenario. In next step, “researching possible solutions”, the students
searched for existing solutions, and brainstorm for alternative solutions by considering
criteria and constraints. The students integrated their knowledge about energy
conversion and solution for the identified problem in previous step. They decided that
if the parachute should have much or little air resistance or not by considering these
scientific concepts. In addition, the constraints and criteria were given to the students
for their parachute construction (cost, materials, time etc.). Then, the students decided
their materials with their group members by discussion in the light of the constraints
and criteria. In the third step, the students analyzed and evaluated many solutions and
chose the solution that best meets the criteria and constraints. Then, they drew their
design in the activity sheets. In next two lessons of the week, last step which is
“Building and testing the prototype” of EDP covered, and four evaluation questions
(7th, 8th, 9th and 10th questions) in the activity sheet were answered by the students.
In the first lesson, each group built their parachute decided in “Choosing the best
solution” step of EDP in previous lesson. In the next lesson, each group tested their
products based on the evaluation rubric (Appendix-M) by throwing them from the
window of the class and answered last four conceptual questions (71", 8", 9" and 10%"
questions) in the activity sheet. These questions were about design and redesigning

the prototypes.
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3.3.2.2. Curriculum-Based Instruction (CBI)

In comparison group (7/B), curriculum-based instruction (CBI) was administered by
the science teacher based on the objectives in 2018 Turkish Science Curriculum for 3
weeks (12 lesson hours) as presented in detail in Table 3.9. above. Any activities
related to EDBI were not performed in CBI group, so the teacher mainly used lecturing

and questioning during the lessons.

After administration of two different instruments (VNOE-E and M-STEM) as pre-
tests, in comparison group in the first two lesson hours of the second week CBI was
started by the science teacher on “Force, Work and Energy Relation” topic by
considering related objectives in 2018 Turkish Science Curriculum. Force, work and
energy concepts, and their units were explained by the science teacher depending on
7" Grade Science Textbook (MEB, 2018). The students and teacher gave some
examples for these concepts from their daily life. For example; the teacher explained
that there is a work while pushing a table, but there is no any work while walking
when moving a bag. In other two lesson hours of the week, CBI was maintained about
kinetic energy. Kinetic energy concept was explained by the science teacher
depending on 7" Grade Science Textbook (MEB, 2018). The students and teacher
gave some examples for the concept from their daily life. While explaining these
concepts, the simulation about kinetic and potential energy, which was also used in

EDBI group, was operated by the teacher.

In the third week, the next science concept which is potential energy was instructed
based on curriculum-based instruction (CBI) by the teacher. Potential energy concept
was explained depending on 7" Grade Science Textbook (MEB, 2018), and the
simulation, which was used in previous lesson, was also used in the lesson. The
students and teacher gave some examples for the term from their daily life. In next
two lesson hours of the week, brief repetition about work, energy, potential and kinetic
energy science concepts depending on the CBI was made by the science teacher by

considering related objectives for the topic in 2018 Turkish Science Curriculum,
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Moreover, questions related to the topic in the textbook were answered by the students

to reinforce the science concepts.

In the fourth week, the next topic which is “Energy Conversion” was started based
on CBI by the science teacher by considering related objectives in 2018 Turkish
Science Curriculum. Conversion of kinetic energy and potential energy with each
other were explained by the science teacher depending on 7" Grade Science Textbook
(MEB, 2018). While explaining these concepts, the simulation about kinetic and
potential energy, which was also used in previous weeks, was operated by the teacher
because it covers also conversion of energy types with each other. The students and
teacher gave some examples for these conversions from their daily life. In next two
lessons of the week, brief repetition about “Energy Conservation” topic was made by
the science teacher. Moreover, questions related to the topic in the textbook were
answered by the students to reinforce the conversion of kinetic and potential energy

with each other.
3.4. Treatment Fidelity and Verification

Treatment fidelity is the verification of the comparison group was instructed with
curriculum-based instruction (CBI) and experimental group was instructed with
engineering design-based instruction (EDBI). CBI and EDBI were defined clearly to
ensure treatment fidelity. Literature review on engineering design-based instruction
provides framework for the development of lesson plans. Advisor of the study who is

a professor of science education guided and reviewed instructional materials.

Treatment verification of the present study was ensured by “Observation Report for
Teaching Procedure” (Appendix-K) during instructions in each week in both classes
by science teacher and the researcher. The observation report was developed by the
researcher in the present study. The report includes items about how the lesson was
started by the instructor, the strategies to emphasize the purpose and content of the
lesson (direct explanation, exploration of students, or others), teaching methods

throughout the lesson (direct explanation, discussion, presentation supported with
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visual or audial material, or others), the relationship between science concepts with
daily life and engineering design process, materials used during the instruction
(computer, textbook, presentation etc.). Although there should be an independent
observer to rate the observation reports in both classes, it was not possible in class
environment in the present study. Therefore, the observation reports were rated by the
science teacher in experimental group for 3 weeks (12 lesson hours) and by the
researcher in comparison group for 3 weeks (12 lesson hours). The observation reports
rated by the researcher and the teacher were analyzed, and the results of observation
reports showed that the researcher followed the engineering design-based instruction,
made connection with daily life experiences, encouraged the students to explore
themselves and engaged them to the engineering design-based activities in the
experimental group. The researcher did not use direct instruction techniques. In
comparison group, the science teacher also made connection with daily life
experiences, but she mostly explained the science concepts directly with some visual
materials by using smartboard. However, there was no emphasize on engineering

design process.
3.5. Data Analysis

Quantitative data of the study was collected by using VNOE-E and M-STEM. VNOE-
E is open-ended questionnaire, so collected data was transformed quantitative data by
using the rubric of “Descriptions of Nature of Engineering (NOE) Aspects”
(Appendix-C) prepared by Deniz et al. (2017). Based on this rubric, responses of the
participants were scored like 5-point Likert-type scale. Answer options were
organized based on Table 3.10. below, which is also mentioned in Appendix-C.

Table 3.10. A 5-point scale for Quantitative Analysis of VNOE-E

Point
No answer, incomprehensible or irrelevant answer, or an answer
could not be categorized
1 An answer that is not aligned with the description of NOE aspect
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Table 3.10. A 5-point scale for Quantitative Analysis of VNOE-E (cont’d)

An answer that is partially aligned with the description of NOE

2

aspect
3 An answer that is fully aligned with the description of NOE aspect
4 An answer that is fully aligned with the description of NOE aspect.

The view is well-articulated and/supported with relevant example(s)
Source: Deniz et al., 2017

The results of M-STEM were analyzed based on the information by the developers of
the instrument and descriptive statistics were obtained by scoring the instrument and
its subscales. Statistical analysis of collected data from 2 different instruments were
made by using IBM SPSS Statistics 24.0.

For analysis of nature of engineering views of the participants, normal distribution of
data gathered with VNOE-E was tested in order to decide to use parametric or nan-
parametric analysis test. The value of “Shapiro-Wilks” was checked to test the normal
distribution of data because of having smaller sample size than 50. If the value is
bigger than alpha value (.05), the distribution of the data is normally distributed
because the assumption is not violated. However, if the exact opposite situation is
occurred, the assumption of the normal distribution of data is violated (Pallant, 2011).

Results of VNOE-E for testing normal distribution of data is shown in Table 3.11.

below.
Table 3.11. Normal Distribution of Data Gathered with VNOE-E
Shapiro-Wilks
Group 5 .
Statistic df p

Experimental Group (E) .960 24 434"
Comparison Group (C) .952 17 .490"
p > .05"

When the results of Table 3.11. was analyzed, each group’s p values (.434 for “E”
group and .490 for “C” group) are bigger than alpha value (.05). Therefore, data
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gathered with VNOE-E was normally distributed in both experimental and
comparison group of the study. This means that parametric analysis tests could be used
for analysis of the VNOE-E. One-Way ANCOVA (Analysis of Covariance) was
preferred by assigning pre-test scores of VNOE-E as covariate. Therefore, before the
analysis of data of VNOE-E, assumptions of ANCOVA analysis which are
homogeneity of variance, measurement of covariate, linearity between dependent
variable and covariate, and homogeneity of regression slopes were analyzed.
Assumption of homogeneity of variance were met because significance value is bigger
than alpha (.05) value as shown in Table 3.12. below. This means that each group had

equal variances.

Table 3.12. The Result of Levene Test for VNOE-E

Levene Statistic dfl df2 Significance

012 1 39 .915"
p > .05"

Second assumption is measurement of covariate (it should be continuous). In VNOE-
E, covariate is pre-test scores of nature of engineering views before the treatment. It
is continuous, so the assumption was not also violated. Third assumption is linearity
between dependent variable and covariate (they should be linear). The relationship
between nature of engineering views scores before the treatment (covariate) and nature
of engineering views scores after the treatment (dependent variable) was linear as

shown in Figure 3.1. below, so this assumption was not also violated.
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Figure 3.1. Linearity Between NOS views Before and After Treatment

Last assumption is homogeneity of regression slopes. The relationship between nature
of engineering views scores before the treatment (covariate) and nature of engineering
views scores after the treatment (dependent variable) for each group should be the
same, in other words, they should have similar slopes. Figure 3.1. above also shows
both groups have approximately similar slopes. Moreover, test of between subjects’
effects could be tested for interaction between the covariate and the treatment because
of unequal slopes. The result of interaction between them showed that significance
value between nature of engineering views scores before the treatment (covariate) and
treatment type (independent variable) is .818 which is greater than alpha level (.05) in
Table 3.13. below. Therefore, there is no interaction between covariate and

independent variable, and last assumption was not also violated.

Table 3.13. Test of Between-Subjects Effects for VNOE-E

T M
ype 11 Mean L.
Source Sum of df F Significance
Square

Squares
Treatment 16.773 1 16.773 1.955 170
Total pre-scores 69.968 1 69.968  8.155 .007
Treatment*Totalpre scores 462 1 462 .054 .818

p > .05"
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In conclusion, the data was appropriate for conducting One-Way ANCOVA for
analysis of nature of engineering views of the participants because the assumptions

supplied this conclusion.

For analysis of participants’ attitudes towards STEM, firstly multivariate analysis of
variance (MANOVA) was preferred by using data gathered with M-STEM. However,
firstly normal distribution of data gathered with M-STEM was tested in order to decide
to use parametric or nan-parametric analysis test. The value of “Shapiro-Wilks” was
checked to test the normal distribution of data because of having smaller sample size
than 50. Results of VNOE-E for testing normal distribution of data is shown in Table
3.14. below.

Table 3.14. Normal Distribution of Data Gathered with M-STEM

Shapiro-Wilks
Group .
Statistic df p
Experimental Group (E) 913 24 .041"
Comparison Group (C) .865 17 .018"
p <.05"

When the results of Table 3.14. was analyzed, parametric analysis test for the analysis
of participants’ attitudes towards STEM could not be used because p values (.041 for
“E” group and .018 for “C” group) are smaller than alpha value (.05). Normal
distribution of data gathered with M-STEM was violated as shown in Table 3.14.
above, so the data was not appropriate for conducting MANOVA for analysis of

participants’ attitudes towards STEM.

Secondly, independent sample t-test which can be analyzed with gained score among
pre and post scores was preferred to analyze participants’ attitudes towards STEM.
However, independent sample t-test was not also used for the analysis of attitudes
toward STEM gathered with M-STEM because of violation of normal distribution of

data in experimental group as shown in Table 3.15. below. Therefore, non-parametric
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statistics of independent sample t-test which is Mann-Whitney U-Test was used by

analyzing gained scores among pre and post-tests of M-STEM.

Table 3.15. Normal Distribution of Gained Scores Gathered with M-STEM

Shapiro-Wilks
Group .
Statistic df p
Experimental Group (E) .810 24 .000"
Comparison Group (C) .897 17 .061™

p <.05%, p > .05"

Qualitative data of the study was collected by using VNOE-E to support quantitative
results of the study. Participants responses in pre and post VNOE-E were analyzed to
generate pre and post profiles of students’ views for each NOE aspect separately.
Bilican (2014) categorized participants’ nature of science views gathered with “Views
of nature of science questionnaire (VNOS-C)” in three types; informed, adequate, or
inadequate. Therefore, NOE categorization schema was formed by the researcher
based on NOS categorization schema because of similarity between NOS and NOE
aspects. Similar to NOS categorization schema, students’ NOE views were
categorized as “informed” (stating developed NOE aspect view including extended
examples), “adequate” (stating a developing view but with lack of deep examples), or
“inadequate” (Stating a misconception or not aligned view). Moreover, another
researcher who is a master student on science education and studies on STEM
education also categorized students’ NOE views based on this rubric. Therefore, inter-
rater agreement method was used in qualitative analyses of the data because the
researcher and another researcher compared and constructed their individual analyses
with each other. In table 3.16., the description of the categorization of each NOE

aspects are presented below.
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Table 3.16. NOE Categorization Schema

Categorization

Inadequate

Adequate

Informed

Demarcation aspect

Engineering design
process (EDP)

Tentativeness

Creativity

Incomprehensible or
irrelevant answer
about engineering

Not aligned with the 4
steps of EDP
(“finding a problem or
need”, “researching
possible solutions”,
“choosing the best
solution”, and
“building and testing
the prototype™)

Recognition of the
steps of EDP always
follow in order or not
aligned view about
steps of EDP

Recognition of not
playing a major role
or limitation of
creativity during EDP

Recognition of
engineering as engaging
solutions for specific
problems, but lack of
extended explanation or
examples

Recognition of 4 steps
of EDP but lack of
extended explanation or
examples (“finding a
problem or need”,
“researching possible
solutions”, “choosing
the best solution”, and

“building and testing the
prototype”)

Recognition of the steps
of EDP do not always
follow in order, but lack
of extended explanation
or examples

Recognition of playing
a major role of
creativity during EDP,
but lack of extended
explanation or
examples

Recognition of engineering
as engaging solutions for
specific problems and
inviting new technologies,
and supporting that view
with extended explanation
or examples

Recognition of 4 steps of
EDP (“finding a problem or
need”, “researching possible
solutions”, “choosing the
best solution”, and “building
and testing the prototype”.
Also supports that view
extended explanation or

examples

Recognition of the steps of
EDP do not always follow
in order and a problem
solver can go back at any
phase. Also supports that
view extended explanation
or examples

Recognition of playing a
major role of a problem
solver’s creativity at any
step of EDP, and
supporting that view with
extended explanation or
examples
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Table 3.16. NOE Categorization Schema (cont’d)

Subjectivity

Social and cultural
aspect

Social aspects of
engineering

Recognition of unique
solution to an
engineering design
problem

Recognition of
isolation of
engineering from the
values and norm of
culture in which it is
practiced

Recognition of
engineering as a
solitary pursuit and
engineering design
solutions are not
constructed through
social negotiation

Recognition of no
unique solution to an
engineering design

problem, in other words

there can be many
solutions to the same
problem, but lack of

extended explanation or

examples

Recognition of
influence of socio-
cultural values on
engineering design
solutions, but lack of

extended explanation or

examples

Recognition of
engineering design
solutions are
constructed through
social negotiation and
this enhances the
quality of engineering
design solutions, but
lack of extended
explanation or
examples

Recognition of no unique
solution to an engineering
design problem, in other
words there can be many
solutions to the same
problem because of pre-
conceptions, values
background, and supporting
that view with extended
explanation or examples.

Recognition of influence of
socio-cultural values on
engineering design
solutions. Also supports
that view extended
explanation or examples

Recognition of engineering
design solutions are
constructed through social
negotiation and this
enhances the quality of
engineering design
solutions, and supporting
that view with extended
explanation or examples.

For analyses of 4" question in VNOE-E (Draw a picture of an engineer at work.
Describe your picture in few words, and why you drew what you drew.), written

responses and drawn responses in pictures translated into words by the researcher were
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reviewed, and recurring ones were developed into codes. If a student mentioned that
“engineers design a building and they design a car” in written response, activity of the
engineer which is “builds” was coded only once, not twice. In analyses of drawn
responses, gender of an engineer was analyzed firstly. The engineer having short hair
was coded as male while one having long hair was coded as female. Moreover, each
image or artifact in pictures was coded only once. If a picture contained both wood
and stone as building materials, the code was described only once, not twice. Then,
written and drawn responses were grouped into themes to get a better sense of
students’ drawings. For example, a student’s written response was that “an engineer
designs thing”, the student often drew a picture including table/desk, chair, drawings,

book/pencil, models.
3.6. Validity and Reliability

Validity and reliability are important for all instruments used in all studies in the
literature. Validity of the study is meaningfulness, appropriateness, and usefulness of
researchers’ inferences based on data, while reliability of the study is the overall
consistency of inferences, in other words data obtained with instruments are consistent
over time, location and circumstances. Therefore, reliability and validity of M-STEM
instrument which was developed before this study were examined, and other
instrument’s (VNOE-E) reliability and validity were conducted by the researcher.
Reliability of VNOE-E was supplied depending on inter-rater agreement method with
89 percent scoring agreement with another researcher who is a master student on
science education and studies on STEM education. These two different instruments

were considered as appropriate and reliable to measure proposed variables.
3.6.1. Internal Validity

In all models of research, internal validity of the study is important. Internal validity
means that relationship between observed variables should be accurate with what it
means rather than anything else (Fraenkel, Wallen, & Hyun, 2012). There are some

threats for internal validity such as location (different locations where data were
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collected may create a difference), implementation (implementation of treatments by
different instructors may create a difference), subject characteristics (age, gender,
ethnicity etc.), mortality (loss of subjects during the study), instrumentation (data
collector characteristics and bias, and instrument decay), and testing (administration
of pretest may create a possible testing effect) (Fraenkel et al., 2012).

To minimize subject characteristics threat for internal validity, there were two
different classes in which one was comparison, while other one was experimental
group in the study. These two classes were selected conveniently at total 3 different
7" grade classes in the school. Both classes had approximately the same academic
achievement, socioeconomic demarcation, intelligence speed and homogeneous
number in terms of gender, and so these qualifications provided the study to get
appropriate and significant results.

Other threat for internal validity is mortality (loss of subjectivity). To minimize this
threat, at the beginning of the study, the researcher requested the students to participate
implementation of instruments in both pre and posttest. Therefore, this was not
considered as significant threat because the number of participants in pre and posttest

were the same in each class.

Other threat for internal validity is location. To minimize this threat, both classes

approximately had the same environment during the study.

Testing can be other threat for internal validity. To minimize this threat, there were 4
weeks between pre and posttest of instruments. Therefore, administration of pretest

did not create a possible testing effect on post test scores after 4 weeks.

Other threat for internal validity is instrumentation (data collector characteristics and
bias, instrument decay). Instrument decay which includes the scoring procedure was
minimized by analyzing qualitative instrument for validity and reliability of the
instrument by two researchers. In addition, the results of two different instrument for
the same participant were evaluated at different times or after completing the results

of an instrument for all participants. Moreover, all instruments were applied by the
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same researcher to minimize data collector characteristics and bias, so this was not

considered as significant threat.

However, implementation could be a threat for internal validity. There were two
different instructors who are science teacher and the researcher, so their characteristics
could be threat for internal validity of the study. In comparison group, curriculum-
based instruction was applied by the teacher on “Force and Energy” unit, while in
experimental group, engineering design-based instruction was applied by the
researcher on the same unit. Although these two different classes covered the same
unit but in different instructional methods, their backgrounds, pre-conceptions, values
could influence the process of the instructions. Therefore, this is a limitation of the

present study.
3.6.2. External Validity

External validity is the extent to which the results of a study can be generalized
(Fraenkel et al., 2012). In the present study, the results of the study can be generalized
to other groups having similar characteristics because convenient sampling was used

to study.
3.6.3. Reliability

Reliability is the overall consistency of data obtained with instruments over time,
location and circumstances. For reliability, Cronbach Alpha values was calculated for
the quantitative instrument, and inter-rater agreement method was used for the

qualitative instrument.
3.7. Assumptions

1) Standard conditions were supplied for the administration of the instruments.

2) All participants responded the instruments honestly and seriously.
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3.8. Limitations

1) Treatments were applied by different instructors in groups, so their
backgrounds, pre-conceptions, values could influence the process of the
instructions.

2) The results of the present study can only be generalized to other groups having
similar characteristics because of using convenient sampling.

3) There was no interview with participants in collecting qualitative data, so deeper
views of participants were restricted with an open-ended questionnaire.

4) Generalization of the results might be limited because of limited sample size of
the study.

5) The results of the present study were limited with the process of the treatment
(3 weeks/16 lesson hours) and using two different engineering design-based

activities.
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CHAPTER 4

RESULTS

In this chapter, results of the data analysis are presented. There are two sections
including; (1) descriptive results for “Views for Nature of Engineering-Elementary
School Version (VNOE-E)” questionnaire, and (2) descriptive results for “STEM
Attitude Scale: Middle School Version (M-STEM)” scale.

4.1. Descriptive Results for “Views for Nature of Engineering-Elementary School
Version (VNOE-E)” Questionnaire

4.1.1. Effect of Engineering Design-Based Instruction on Students’ Nature of

Engineering Views
In quantitative analyses of VNOE-E, the research question (main problem) is;

» What is the effect of engineering design-based instruction (EDBI) over
curriculum-based instruction (CBI) on 7' grade students’ nature of engineering
(NOE) views in Ankara?

To research the main problem about nature of engineering views of the present study,
sub-problem was evaluated by conducting One-Way ANCOVA. Sub-problem is;

> Is there a significant mean difference between post-test mean scores of students
taught with engineering design-based instruction (EDBI) and the students taught
with curriculum-based instruction (CBI) with respect to students’ nature of

engineering (NOE) views after controlling for pre-test mean scores of students?
The null hypothesis for sub-problem is;

» There is no significant mean difference between post-test mean scores of students

taught with engineering design-based instruction (EDBI) and the students taught
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with curriculum-based instruction (CBI) with respect to students’ nature of

engineering (NOE) views after controlling for pre-test mean scores of students.

Descriptive statistics table of experimental and comparison group of the study for
VNOE-E is presented in detail in Table 3.17. below.

Table 3.17. Descriptive Statistics for VNOE-E Questionnaire

Group N fpre JEpost
Experimental (E) 24 11.25 14.83
Comparison (C) 17 12.76 10.59

When Table 3.17. was analyzed, mean values of experimental and comparison groups
were close to each other before the instruction. After the instruction, mean value of
the experimental group was increased, while it was decreased in comparison group.
One-Way ANCOVA was used to analyze statistically significant difference between

groups, and the results of this analyze is shown in Table 3.18. below.
Table 3.18. Univariate Test and Tests of Between Subjects Effects for VNOE-E

Dependent Variable: total post scores for VNOE-E

Type 1l Mean Partial
Group Sum of df F Significance  Eta
Square
Squares Squared
Totlpre- - ¢4 54 1 690.530 8311 006 179
scores
Treatment 229.075 1 229.075 27.381 .000 419
p<.05

When the results of Table 3.18. were analyzed, significance value (.000) is smaller
than alpha level (.05), so there is a significant mean difference in nature of engineering
views scores in the experimental and comparison groups after treatment, after
controlling nature of engineering views scores administered prior to the treatment [F

(1,38) = 27.38, p < .05]. Therefore, the null hypothesis is rejected, so this difference
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can be attributed to the different instructions. Moreover, when we look at the covariate
(nature of engineering views before the treatment), significance value (.006), it is
smaller than alpha level (.05), so it also makes difference in nature of engineering

views scores in the experimental and comparison groups after treatment.
4.1.2. Changes on Nature of Engineering Aspects Regarding to Engineering

Design-Based Instruction

In qualitative analyses of VNOE-E, the research question is;

> How does engineering design-based instruction (EDBI) impact 7" grade students’

views about nature of engineering aspects (NOE) in Ankara?

The frequency distribution table of inadequate, adequate and informed views of
students about each NOE aspect (demarcation, subjectivity, engineering design
process, creativity, social and cultural embeddedness, tentativeness, and social aspects
of engineering) in experimental and comparison group was analyzed in detail. Then,
example quotations of students’ inadequate, adequate and informed views were

presented in detail.
4.1.2.1. Demarcation Aspect

In VNOE-E, three questions (2", 4™ and 5"(b) questions) are related to demarcation
aspect of NOE.

Firstly, results for 2" question (What is engineering? What do engineers do?) about

demarcation aspect of NOE were shown in Table 3.19. below.
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Table 3.19. Frequency and Percentage Values for Demarcation Aspect (2" question) of VNOE-E

Questionnaire

Demarcation Inadequate Adequate Informed
Aspect

(an fpre % fpost % fpre % fpost % fpre % fpost %
guestion)
Experimental
Group (E)
Comparison
Group (C)

290 2 80 17 710 16 670 0 O 6 250

180 6 36.0 10 59.0 4 230 4 230 7 410

When the results for 2" question about demarcation aspect of NOE in experimental
group in Table 3.19. were analyzed, 29 percent of the students held inadequate view
in pre-VNOE-E; incomprehensible or irrelevant answer about engineering. Majority
of the students (71 %) held adequate view; recognizing engineering as engaging
solutions for specific problems, but lack of extended explanation or examples was
provided. However, any student did not hold informed view; recognizing engineering
as engaging solutions for specific problems and inviting new technologies, and also
supporting that view with examples. Regarding students’ understanding of
demarcation aspect of NOE view in 2" question of post-VNOE-E, a couple of the
students (8 %) held inadequate view; incomprehensible or irrelevant answer about
engineering. Like in pre-VNOE-E, majority of the students (67 %) held adequate
view; recognizing engineering as engaging solutions for specific problems, but lack
of extended explanation or examples was provided. 24 % of the students held informed
view; recognizing engineering as engaging solutions for specific problems and
inviting new technologies, and also supporting that view with examples. For instance,
a student supported his view by explaining “Engineering has many types, and
engineers find solutions to make people’s life easier. They design planes, computers.”.
In brief, there was no appreciable difference in adequate view, and percentage of the
students presenting inadequate view decreased as the approximate percentage of the

ones maintaining informed view increase after engineering design-based instruction.
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The results for 2" question about demarcation aspect of NOE in comparison group
showed that 18 percent of the students held inadequate view in pre-VNOE-E;
incomprehensible or irrelevant answer about engineering. More than half of the
students (59 %) held adequate view; recognizing engineering as engaging solutions
for specific problems, but lack of extended explanation or examples was provided. 23
% of the students held informed view; recognizing engineering as engaging solutions
for specific problems and inviting new technologies, and also supporting that view
with examples. For example, a student supported his view by explaining “I think that
engineering needs creativity, makes our life easier, and produces available things like
computer.” Regarding students’ understanding of demarcation aspect of NOE view in
2" question of post-VNOE-E, 36 percent of students held inadequate view;
incomprehensible or irrelevant answer about engineering. 23 % held adequate view;
recognizing engineering as engaging solutions for specific problems, but lack of
extended explanation or examples was provided. 41 % held informed view;
recognizing engineering as engaging solutions for specific problems and inviting new
technologies, and also supporting that view with examples. In brief, there was increase
in inadequate and informed views while there was decrease adequate view after

curriculum-based instruction.

Example quotations of students’ inadequate, adequate and informed views for 2"

question about demarcation aspect of NOE were presented in Table 3.20. below.

Table 3.20. Example Quotations of Students’ Responses to Demarcation Aspect (2" question) in
VNOE-E Questionnaire

Instruction

Group of VNOE-E Inadequate Adequate Informed
“Engineers design
. “Siheislikea  Sometningto
Experimental . , make our life
Group Pre Major manager. easier and to help )
(Student #8) .
us.
(Student #15)
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Table 3.20. Example Quotations of Students’ Responses to Demarcation Aspect (2" question) in
VNOE-E Questionnaire (cont’d)

“Engineering has
many types, and
engineers find

“Engineers make “Engineers find .
solutions to

everything that  solutions for our

Post ki le’
they can do.” problems.” Iirl?eanSlif:)lzl'E:
(Student #8) (Student #4) SIS TNCY
design planes,
computers.”
(Student #7)
“I think that
engineering
“Engineers needs creativity,
“Engineering has  produces new makes our life
Pre many types.”  things for people’s easier, and
(Student #30) benefit.” produces
(Student # 34) available things
like computer.”
(Student #27)
Comparison Engineering
makes new
Group .
things and
changes its type;
“[ think that they ges 15 Lype;
. for example,
,, make changes in .
Post “T do not know. our life by usin some engineers
(Student #25) . y . g study on
their creativity. artificial
(Student # 31) . .
intelligence,
some design
robots.”
(Student #41)

Secondly, results for 5"(b) question (How is engineering different from other

subjects?) about demarcation aspect of NOE were shown in Table 3.21. below.
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Table 3.21. Frequency and Percentage Values for Demarcation Aspect (5™(b) question) of VNOE-E

Questionnaire

Demarcation Inadequate Adequate Informed
Aspect
(Sth(b) fpre % fpost % fpre % fpost % fi?re % fpost %
guestion)
Experimental
(E)
Comparison

©)

380 8 330 11 46.0 14 590 4 1.6.0 2 8.0

13 760 11 650 4 240 6 350 0 0 0 O

When the results for 5"'(b) question about demarcation aspect of NOE in experimental
group in Table 3.21. were analyzed, 38 percent of the students held inadequate view
in pre-VNOE-E; incomprehensible or irrelevant answer about engineering.
Approximately half of the students (46 %) held adequate view; recognizing
engineering as engaging solutions for specific problems, but lack of extended
explanation or examples was provided. 16 % held informed view; recognizing
engineering as engaging solutions for specific problems and inviting new
technologies, and also supporting that view with examples. Regarding students’
understanding of demarcation aspect of NOE view in 5"(b) question of post-VNOE-
E, 33 percent of students held inadequate view; incomprehensible or irrelevant answer
about engineering. More than half of the students (59 %) held adequate view;
recognizing engineering as engaging solutions for specific problems, but lack of
extended explanation or examples was provided. Small part of the students (8 %) held
informed view; recognizing engineering as engaging solutions for specific problems
and inviting new technologies, and also supporting that view with examples. In sum,
there was decrease in inadequate and informed views while there was increase

adequate view engineering design-based instruction.

The results for 5"(b) question about demarcation aspect of NOE in comparison group
showed that majority of the students (76 %) held inadequate view in pre- VNOE-E;
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incomprehensible or irrelevant answer about engineering. 24 % of students held
adequate view; recognizing engineering as engaging solutions for specific problems,
but lack of extended explanation or examples was provided. However, any student did
not hold informed view; recognizing engineering as engaging solutions for specific
problems and inviting new technologies, and also supporting that view with examples.
Regarding students’ understanding of demarcation aspect of NOE view in 5"(b)
question of post-VNOE-E, more than half of the students (65 percent) held inadequate
view; incomprehensible or irrelevant answer about engineering. 35 % held adequate
view; recognizing engineering as engaging solutions for specific problems, but lack
of extended explanation or examples was provided. However, any student did not hold
informed view; recognizing engineering as engaging solutions for specific problems
and inviting new technologies, and also supporting that view with examples. In brief,
there was no any student showing informed view, and percentage of the students
presenting inadequate view decreased as the approximate percentage of the ones

maintaining adequate view increase after curriculum-based instruction.

Example quotations of students’ inadequate, adequate and informed views for 5(b)

question about demarcation aspect of NOE were shown in Table 3.22. below.

Table 3.22. Example Quotations of Students’ Responses to Demarcation Aspect (5"(b) question) in
VNOE-E Questionnaire

Instruction
Grou Inadequate Adequate Informed
P of VNOE-E f f
“I think that it
P can be different
Engineers Lo
« : : about designing
Each occupation generally design
. . . because
Experimental has different something . .
Pre . .,  engineers design
Group tasks. themselves.

something new,
but doctors

operate.”
(Student #14)

(Student #16) (Student #2)
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Table 3.22. Example Quotations of Students’ Responses to Demarcation Aspect (5M(b) question) in
VNOE-E Questionnaire (cont’d)

“Engineers work

“Engineering is
about inventing
new things and

“Engineers
determine
people’s
problems, find

Post in many fields.” making life solutions and
(Student #23) . ? , makes a design
casiet: related to best
(Student #14) -
solution.
(Student #4)
“E b 1
“Engineer work DEHIEETs @ ways
find available
than others and .
solutions for
Pre earn more , -
money.” people’s
Comparison . problems.”
Student # 36
Group ( ) (Student #37)
“Engineering is  “Engineers supply
too tiring and to solve many
Post ] -
busy occupation” problems.”
(Student #34) (Student #29)

Lastly, results of students’ written responses and drawings for 4" question (Draw a

picture of an engineer at work. Describe your picture in few words, and why you drew

what you drew.) were analyzed in three parts; analyses of written responses about an

activity an engineer does at work, gender of the engineer in the drawings, and images

in the drawings. Firstly, the results of activities of engineers were shown in Table 3.23.

Table 3.23. Activities of Engineers in Students’ Written Responses

Verb Experimental Group Comparison Group
Pre Post Pre Post
designs 25.0 42.0 12.0 6.0
draws 25.0 21.0 6.0 0.0
take notes 4.0 8.0 0.0 0.0
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Table 3.23. Activities of Engineers in Students’ Written Responses (cont’d)

fixes 8.0 8.0 18.0 12.0
controls 8.0 4.0 12.0 6.0
codes 0.0 0.0 12.0 6.0
builds 4.0 4.0 0.0 0.0
thinks 4.0 4.0 0.0 0.0
produces 4.0 0.0 6.0 0.0
measures 0.0 0.0 0.0 6.0
makes experiment 4.0 0.0 0.0 0.0

When the results of written responses about drawing an engineer at work in 4™
question representing demarcation aspect of NOE were analyzed, pre-VNOE-E in
experimental group showed that most popular activities engineers do were designing
(25 %) or drawing (25 %) of things. For example, some of the responses were “The
engineer is designing a program on computer”, “The engineer is drawing houses.” etc.
These responses showed also their existences in post-VNOE-E with 42 % of designing
and 21 % of drawing. “The engineer is designing a machine.”, “The engineer is
drawing a building.” were the responses of some students. However, designing
activity of an engineer showed appreciable increase after engineering design-based
instruction while drawing activity of an engineer showed decrease. The results of
students in comparison group presented that fixing (18 %), designing (12 %),
controlling (12 %) and coding (12 %) were popular activities engineers do in pre-
VNOE-E. For instance, “The engineer is fixing a machine.”, “The engineer is coding
a game.” etc. They also showed their existence with their popularity in post-VNOE-

E. However, they presented decrease in their existence in students’ written responses.
b

Secondly, results of gender of the engineers in the drawings were shown in Table 3.24.

below.
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Table 3.24. Gender of Engineers in Students’ Drawings

Experimental Group

Comparison Group

Gender
Pre Post Pre Post
Female 21.0 4.0 24.0 6.0
Male 33.0 67.0 41.0 12.0
Unknown 46.0 29.0 35.0 82.0

Results presented that approximately half of the students (46 %) did not draw a
discernable evidence about gender of the engineer in pre-VNOE-E of experimental
group. 33 % of the students drew an engineer with male characteristics (short hair)
while 21 % of them drew one with female characteristics (long hair). However, in
post-VNOE-E, a male engineer (67 percent of students) was drawn more likely than a
female engineer (4 percent of students). The result of these drawings with male
engineers may be caused from working with the male engineer (the mechanical
engineer) at the beginning of the engineering design-based instruction, which
indicates that he had a significant impact on students’ idea about engineering. Example

drawings for engineer’s gender were presented in Figure 3.2., Figure 3.3. and Figure

3.4. below.

4. Litfen bir miihendisi gahsma ortaminda hayal edin ve hayalinizdeki bu miihendisi

asafadaki kutuya gizin

h‘""Y( e gric glamey

Figure 3.2. A female engineer drawing of the student coded as 1 in pre-VNOE-E
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4. Litfen bir mithendisi gabsma ortaminda hayal edin ve hayalinizdeki bu mithendisi
asafidaki kutuya gizin 3

Figure 3.3. A male engineer drawing of the student coded as 9 in pre-VNOE-E

4. Litfen bir mihendisi galisma ortaminda hayal edin ve hayalinizdeki bu miihendisi
asagidaki kutuya gizin

\ J/

Figure 3.4. An engineer drawing with unknown gender of the student coded as 23 in pre-VNOE-E
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Comparison group’s pre-VNOE-E results showed that 41 % of students drew a male
engineer while 24 % of them represented a female engineer in their drawings.
However, 35 % of the students drew an engineer without discernable gender. Post-
VNOE-E results showed that majority of the students (82 %) drew an engineer with
unknown gender (neither male nor female). The students who drew an engineer with
discernable gender were few; 6 % drew a female engineer while 12 % drew a male
engineer. Example drawings for engineer’s gender were presented in Figure 3.5.,
Figure 3.6. and Figure 3.7. below.

4. Littfen bir miihendisi calisma ortammda hayal edin ve hayalinizdeki bu miihendisi
asafidaki kutuya ¢izin -

| ket
M \ @
& j

Figure 3.5. A male engineer drawing of the student coded as 39 in pre-VNOE-E
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i ini i miihendisi
4. Litfen bir miihendisi gahgma ortaminda hayal edin ve hayalinizdeki bu

asagndaki kutuya gizin

o |
i

Figure 3.6. A female engineer drawing of the student coded as 35 in pre-VNOE-E

4. Litfen bir mithendisi ¢aligma ortaminda hayal edin ve hayalinizdeki bu miihendisi

asagidaki kutuya gizin

Figure 3.7. Engineer drawing with unknown gender of the student coded as 33 in post-VNOE-E
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Lastly to analyze 4" question of VNOE-E, results of images in the drawings were

shown in Table 3.25. below.

Table 3.25. Common Images in Students’ Drawings of Engineers

Image Experimental Group Comparison Group

Pre Post Pre Post

table/desk 75.0 75.0 47.0 47.0
drawing 42.0 42.0 6.0 0.0
hard hat 21.0 21.0 18.0 0.0
computer 21.0 13.0 29.0 29.0
chair 8.0 25.0 18.0 29.0
book/pencil 13.0 17.0 24.0 18.0
machine 4.0 4.0 18.0 12.0
building 4.0 17.0 12.0 17.0
model 4.0 0.0 12.0 0.0

car 0.0 0.0 12.0 12.0

building material

(wood, s?one, brick) 00 00 6.0 00
tools (nippers) 0.0 0.0 0.0 6.0

Table 3.25. presents that the most common images were table/desk (75 %), drawing
(42 %), hard hat (21 %), computer (21 %), book/pencil (13 %) in experimental group
before engineering design-based instruction. These images also continued in existence
in students’ drawings after treatment, besides chair (18 %) and building (12%) were
added to pictures. Like experimental group, most common images were table/desk (47
%), computer (29 %), and book/pencil (24 %) except drawing and hard hat in
comparison group. However, many images (hard hat, chair, machine, building, model,
car) showed their existence with approximate frequencies in students’ drawings before
curriculum-based instruction. Most of these images also analyzed in drawings except

hard hat, drawing and model after instruction.
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Written and drawn responses were grouped into themes to get a better sense of
students’ drawings. Table 3.26. demonstrated the total occurrence of the different

themes by code in each group.

Table 3.26. Frequency of Images of Engineering Grouped by Themes

. . Comparison
Images Included in  Experimental Group
Themes Group Group
Pre Post Pre Post
Tools (nippers), hard
Images of hat, building materials 9 6 5
Building/Fixing  (wood, stone, brick)
Table-desk, chair,
Images of drawings,
Designing book/pencil, models, 39 44 23 23
computers
Images of
Products of Cars, machines, ) 4 4
Engineering robots, buildings

Students’ drawings of engineers introduced considerable evidence of designing in
both groups. These images provided that many students think of engineers as the
people who design buildings, cars, machines, robots as shown in images of products
of engineering in each group in the table. These pictures included an engineer seated
on a chair with holding a pen or in front of a computer. Quite few students also drew
engineers in the process of building and fixing. These pictures generally included an
engineer wearing a hard hat and being near a building. Example drawings for images
of engineering grouped by themes were presented in Figure 3.8., Figure 3.9., Figure
3.10., and Figure 3.11. below.
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4. Liitfen bir mithendisi calisma
asagidaki kutuya cizin
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Figure 3.8. Image of Designing of the student coded as 11 in pre-VNOE-E

4. Liitfen bir mithendisi calisma hayal edin ve ki bu mithend
asagidaki kutuya gizin
Mo ket
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Figure 3.9. Image of Designing of the student coded as 23 in pre-VNOE-E
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4. Litfen bir mithendisi gahsma ortaminda hayal edin ve hayalinizdeki bu mithendisi
asagidaki kutuya gizin

Figure 3.10. Image of Products of Engineering of the student coded as 6 in pre-VNOE-E

4. Litfen bir miihendisi cahsma ortamimnda hayal edin ve hayalinizdeki bu miihendisi
asagidaki kutuya ¢izin .

Figure 3.11. Image of Products of Engineering of the student coded as 30 in pre-VNOE-E
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4.1.2.2. Engineering Design Process (EDP) Aspect

Results for engineering design process (EDP) aspect of NOE were shown in Table
3.27. below.

Table 3.27. Frequency and Percentage Values for EDP Aspect of VNOE-E Questionnaire

EDP Inadequate Adequate Informed
aspeCt fif)re % prSt % fi)re % prSt % fi)re % prSt %
Experimental

(E)

Comparison

©)

24 1000 17 710 O 0O 4 10 0 0 3 120

24 1000 24 1000 O o 0 0 o0 o0 0 O

When the results about EDP aspect of NOE in experimental group in Table 3.27. were
analyzed, all the students (100 %) held inadequate view in pre-VNOE-E; not aligning
4 steps of EDP (“finding a problem or need”, “researching possible solutions”,
“choosing the best solution”, and “building and testing the prototype’). However, any
student did not hold adequate or informed view; providing lack of extended
explanation or examples about EDP. Regarding students’ understanding of EDP
aspect of NOE view in post-VNOE-E, majority the students (71 %) held inadequate
view; not aligning 4 steps of EDP. 17 percent of them held adequate view; providing
extended explanation for EDP, but lack of examples was provided. However, 12
percent of the students held informed view; recognizing steps of EDP and supporting
that view with examples. In sum, while there was no any student showing adequate
and informed views in pre-VNOE-E, their number in both views increased after
engineering design-based instruction. Therefore, the number of the students

presenting inadequate view decreased after engineering design-based instruction.

The results about EDP aspect of NOE in comparison group showed that all the
students (100 %) held inadequate view in pre-VNOE-E; not aligning 4 steps of EDP

(“finding a problem or need”, “researching possible solutions”, “choosing the best

solution”, and “building and testing the prototype”). However, any student did not

97



hold adequate or informed view; providing lack of extended explanation or examples
about EDP. Moreover, this situation was not changed in post-VNOE-E as the results
showed because 100 percent of the students again held inadequate view; not aligning
4 steps of EDP. Therefore, there was no change in EDP aspect of NOE view of the

students having curriculum-based instruction.

Example quotations of students’ inadequate, adequate and informed views for

engineering design process (EDP) aspect of NOE were presented in Table 3.28. below.

Table 3.28. Example Quotations of Students’ Responses to EDP Aspect in VNOE-E Questionnaire

Group (I)?i;:\l:étllzog Inadequate Adequate Informed
“Yes, it reminds
me about
producing
Pre something before - -
being an
engineer.”
(Student #2)
“Yes, EDP have
4 steps;
Experimental determining _a
Group N ' problem, making
“Yes, it is having . research about
. “Yes, it is about
time f_or designing process _the_ problem,
producing . finding the best
Post . having some .
something by steps.” sglutlon for u;,,
engineers.” esigning an
(Stugdent #20) (Student #8) testing. For
example, we
designed a
building.”
(Student #7)
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Table 3.28. Example Quotations of Students’ Responses to EDP Aspect in VNOE-E Questionnaire
(cont’d)

“Yes, it is about

new things, new
Pre g - -

images.”
Comparison (Student # 25)
Group “Yes, it is about
ossessed time to
Post P - -

finish a project.”
(Student #27)

4.1.2.3. Tentativeness Aspect

Results for tentativeness aspect of NOE were shown in Table 3.29. below.

Table 3.29. Frequency and Percentage Values for Tentativeness Aspect of VNOE-E Questionnaire

Tentativeness Inadequate Adequate Informed
aspeCt fpre % prSt % fpre % prSt % fpre % prSt %
Experimental
(E)
Comparison

(©)

7 290 3 130 17 710 21 8.0 O 00 O 0.

300 3 180 10 580 14 820 2 120 0 0.0

When the results about tentativeness aspect of NOE in experimental group in Table
3.29. were analyzed, 29 percent of the students held inadequate view in pre-VNOE-E;
steps of EDP always follow in order while majority of the students (71 %) of the
students held adequate view; providing extended explanation about steps of EDP do
not always follow in order, but lack of examples was provided. However, regarding
students’ understanding of tentativeness aspect of NOE view in post-VNOE-E, most
of the students (87 % of students) held adequate view; providing extended explanation
for tentativeness, but lack of examples was provided while 13 percent of them held

inadequate view; steps of EDP always follow in order. However, in both
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administrations of VNOE-E, any student did not hold informed view; providing
extended explanation about steps of EDP do not always follow in order and supporting
that view with examples. In short, number of the students maintaining adequate view
increase as number of the students presenting inadequate view decrease after

engineering design-based instruction.

Table 3.29. presents that 30 percent of the students held inadequate view in pre-
VNOE-E in comparison group; steps of EDP always follow in order. More than half
of the students (58 %) held adequate view; providing extended explanation about steps
of EDP do not always follow in order, but lack of examples was provided while 12 %
of them held informed view; providing extended explanation and supporting that view
with examples. However, regarding students’ understanding of tentativeness aspect of
NOE view in post-VNOE-E, majority of the students (82 %) held adequate view;
providing extended explanation, but lack of examples about tentativeness of EDP
steps was provided while 18 percent of them held inadequate view; steps of EDP
always follow in order. However, any student did not hold informed view in post-
VNOE-E; not providing extended explanation and examples for tentativeness of EDP
steps. Briefly, number of the students presenting inadequate and informed views
decrease as long as proponents of adequate view increase after curriculum-based

instruction.

Example quotations of students’ inadequate, adequate and informed views for

tentativeness aspect of NOE were given in Table 3.30. below.
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Table 3.30. Example Quotations of Students’ Responses to Tentativeness Aspect in VNOE-E

Questionnaire

Instruction
Group of VNOE-E Inadequate Adequate Informed
“Yes, sure. When
technolo
“No, Ido ro ressgz
Pre not think.” Eve?ythin i
(Student #7) g
progress.
Experimental (Student #2)
Group “Yes, because
technology will
“No, they do not . 9y
., improve, and our
Post change. needs will -
(Student #8) .,
change.
(Student #6)
“I think
solutions
changes because
hnol
“[ think no. “Ithink that oo n0i09Y
. Improves. For
Because products solutions for our
. example;
. produced by problems will i
Comparison . engineers have
Pre engineers do not change as .
Group studied for
solve our technology
. ., speedy car
problems. progresses. nowadavs and
(Student # 30) (Student # 35) y
they may study
on flying car in
the future.”
(Student #39)
“Yes, technol
“Solutions will o8, IEnology
. changes
Post not change. everything.” -
Vi .
Student #25
( ) (Student #32)
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4.1.2.4. Creativity Aspect

Results for creativity aspect of NOE were shown in Table 3.31. below.

Table 3.31. Frequency and Percentage Values for Creativity Aspect of VNOE-E Questionnaire

Creativity Inadequate Adequate Informed

aSpeCt fpre % fpost % fpre % fpost % fpre % fpost %
Experimental

(E)

Comparison

(9)

1 40 0 00 23 960 24 1000 O 0.0 O 0.0

0 00 1 60 16 940 16 940 1 60 0O 0.0

Table 3.31. presents that small part of the students (4 %) held inadequate view in pre-
VNOE-E for creativity aspect of NOE in experimental group; creativity and
imagination do not play a major role during EDP, and almost all of the students (96
%) held adequate view; providing extended explanation about the major role of
creativity and imagination during EDP, but lack of examples. Nonetheless, any student
(0 %) did not held informed view; providing extended explanation and examples about
the role of creativity during EDP. Regarding students’ understanding of creativity
aspect of NOE view in post-VNOE-E, all of the students (100 %) held adequate view;
providing extended explanation, but lack of examples about the role of creativity and
imagination during EDP. However, any student (0 %) did not maintain inadequate or
informed view in post-VNOE-E. Concisely, one student presenting inadequate view
in pre-test changed his/her view for adequate view after engineering design-based
instruction. Therefore, all students in group had adequate view for the role of creativity

and imagination during EDP after engineering design-based instruction.

The results of comparison group presented that nearly all students (94 %) held
adequate view in pre-VNOE-E; providing extended explanation about the major role
of creativity and imagination during EDP, but lack of examples. Few students (6 %)
held informed view; providing extended explanation and supporting that view with

examples about the role of creativity during EDP. However, any student did not
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maintain inadequate view; in other words, all students believed that creativity has no
a major role during EDP. Regarding students’ understanding of creativity aspect of
NOE view in post- VNOE-E, like in the pre-VNOE-E, nearly all students (94 %) held
adequate view; providing extended explanation, but lack of examples about the role
of creativity during EDP. Nonetheless, the exact opposite situation was shown about
informed and inadequate views, but the same percentages. 6 percent of the students
held inadequate view; creativity and imagination do not play a major role during EDP
while any student (0 %) did not held informed view in post-test. In brief, percentage
of the students showing adequate view did not change after curriculum-based
instruction. However, while the number of the students maintaining inadequate view
increase, that of ones showing informed view decrease after curriculum-based

instruction.

Example quotations of students’ inadequate, adequate and informed views for

creativity aspect of NOE were given in Table 3.32. below.

Table 3.32. Example Quotations of Students’ Responses to Creativity Aspect in VNOE-E

Questionnaire

Instruction
r In A Inform
Group of VNOE-E adequate dequate ormed
“They do not use
their creativit
y “They use their
because some of .
. creativity because
them work in .
Pre . they reveal their -
farms while . ”
others work in own ideas.
Experimental town.” (Student #19)
Group (Student #3)
“They use their
creativity because
Post - a project should -
be original.”
(Student #6)
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“They use their ~ “They use their

creativity because creativity
I think that because their
creativity and designs are
imagination about their
underlie creativity. For
Comparison engineering.” example; while
Pre - .
Group (Student #27) an engineer
designs a
“They use their building like a
creativity because  square, other
this occupation  designs that like
endures them.” a triangle.”
(Student #33) (Student #39)
“Th thei
“They do not use ©y use Helt
. . creativity because
their creativity . .
there is creativity
Post because they . -
. on the basis of
are bad. engineering.”
(Student #25) 5 &

(Student #27)

4.1.2.5. Subjectivity Aspect

Results for subjectivity aspect of NOE were shown in Table 3.33. below.

Table 3.33. Frequency and Percentage Values for Subjectivity Aspect of VNOE-E Questionnaire

Subjectivity Inadequate Adequate Informed
aspeCt fpre % fpost % fpre % fpost % fpre % fpost %
Experimental

(E)

Comparison

©)

10 420 9 380 14 580 15 620 0 00 O 0.0

13 760 11 650 4 240 6 350 0 00 O 0.0

According to results in Table 3.33., less than half of the students (42 %) in

experimental group held inadequate view in pre- VNOE-E for subjectivity aspect of
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NOE; recognizing unique solution to an engineering design problem, and more than
half of the students (58 %) held adequate view; providing extended explanation about
recognizing many solutions to the same engineering design problem, but lack of
examples. Nonetheless, any student (0 %) did not held informed view; providing
extended explanation and examples about the subjectivity for solutions. In post-
VNOE-E, percentage of the students presenting adequate view increased a few (62
%); providing extended explanation, but lack of examples about the subjectivity for
solutions while 38 percent of the students presented inadequate view; recognizing
unique solution to an engineering design problem. And also, like in pre-VNOE-E, any
student (0 %) did not maintain informed view in post-VNOE-E. Concisely, one
student presenting inadequate view in pre-test changed his/her view for adequate view

after engineering design-based instruction.

The results of comparison group indicated that majority of the students (76 %) held
inadequate view in pre-VNOE-E; recognizing unique solution to an engineering
design problem, and 24 % of them maintained adequate view; providing extended
explanation about recognizing many solutions to the same engineering design
problem, but lack of examples. Regarding students’ understanding of subjectivity
aspect of NOE view in post-VNOE-E, more than half of the students (65 %) held
inadequate view while 35 percent of them held adequate view. Moreover, like the
result of experimental group, any student (0 %) did not present informed view in both
pre- and post-VNOE-E. In brief, percentage of the students presenting inadequate
view decrease while that of ones showing adequate view increase after curriculum-

based instruction.

Example quotations of students’ inadequate, adequate and informed views for

subjectivity aspect of NOE were shown in Table 3.34. below.
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Table 3.34. Example Quotations of Students’ Responses to Subjectivity Aspect in VNOE-E

Questionnaire

Group ;?%ﬁétéog Inadequate Adequate Informed
“No, because each
“Yes, because a engineer has
hurricane tower different
Experimental prevgnting the  imagination and
Group Pre hurricane best . they mak(? -
becomes “the  different designs
best” design.” by using their
(Student #10) imagination.”
(Student #15)
“No, because a
solution may be
“the best” for
oneself, it means
“Yes, because th.at It. ® ”
“the best” choice subjective.
Post should be made.” (Student #1) )
(Student #4) “No, because their
imagination is
different from
each other.”
(Student #9)
“No, because
“Yes, because everyone has
Comparison there is always . d|_ffer_e nt
Pre ) Imagination, so -
Group steadier one.”

they cannot be
monotype.”
(Student #27)

(Student #30)
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Table 3.34. Example Quotations of Students’ Responses to Subjectivity Aspect in VNOE-E

Questionnaire (cont’d)

“No, because
solutions cannot
be monotype.”

‘GY
es, because a (Student #31)

solution may be
better if every

Post .
engineers study

“No, because -
everyone has

together.” ) _
fferen
(Student #3p)  dierentidea, so
solutions cannot
be same.”
(Student #35)

4.1.2.6. Social Aspects of Engineering Aspect

Results for social aspects of engineering aspect of NOE were shown in Table 3.35.

below.

Table 3.35. Frequency and Percentage Values for Social Aspects of Engineering Aspect of VNOE-E

Questionnaire

Social Inadequate Adequate Informed
aspects of
engineering  fore % fpost % Jfore % fpost % fore % fpost %
aspect
EXpege”ta' 16 670 15 630 7 290 9 370 1 40 0 00
Com('[g”son 9 530 10 590 8 470 7 410 0 00 0 00

Results in Table 3.35. showed that more than half of the students (67 %) in
experimental group held inadequate view in pre-VNOE-E for social aspects of
engineering aspect of NOE; recognizing engineering as a solitary pursuit, not
constructed through social negotiation. 29 percent of the students presented adequate
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view; providing extended explanation about engineering design solutions as
construction through social negotiation, but lack of examples about social aspects of
engineering aspect of NOE, and a small percentage of them (4 %) maintained
informed view; providing extended explanation and supporting that view with
examples about social aspects of engineering aspect of NOE. In post-VNOE-E, there
was no remarkable change in percentage of the students presenting inadequate view
(63 %); recognizing engineering as a solitary pursuit, not constructed through social
negotiation while 37 percent of the students presented adequate view; providing
extended explanation but lack of examples about social aspects of engineering aspect
of NOE. However, any student (0%) did not maintain informed view in post-VNOE-
E. In short, number of the students maintaining adequate view increase as number of
the students presenting inadequate and informed views decrease after engineering

design-based instruction.

Regarding the results of comparison group in pre-VNOE-E, more than half of the
students (53 %) held inadequate view; recognizing engineering as a solitary pursuit,
not constructed through social negotiation, and less than half of the students (47 %)
maintained adequate view; providing extended explanation but lack of examples about
social aspects of engineering aspect of NOE. In post- VNOE-E, 59 percent of the
students held inadequate view while 41 percent of them held adequate view.
Difference among these two views in post-test was much more than the results of pre-
VNOE-E. Moreover, any student (0 %) did not present informed view in both pre- and
post-VNOE-E. Briefly, number of the students presenting inadequate view increase as

long as proponents of adequate view decrease after curriculum-based instruction.

Example quotations of students’ inadequate, adequate and informed views for social

aspects of engineering aspect of NOE were indicated in Table 3.36. below.
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Table 3.36. Example Quotations of Students’ Responses to Social Aspects of Engineering Aspect in

VNOE-E Questionnaire

Group ;?%ﬁétéog Inadequate Adequate Informed
“They work “They work in
group. For
alone because
they may have . exa_mple, a
. i “They work in satellite sent to
distractibility ., .
Pre when there i group. the space is
(Student #22) produced by
someone around
" many
Experimental S tl(;em. 414 engineers.”
Group (Student #14) (Student #9)
“They work
alone because “They work in
they may be group, and
Post confused when everyone indicates -
they work in their own idea.”
group.” (Student #7)
(Student #14)
“They work in
“They work group, and they
alone because  design, draw and
Pre they think better make together. If ]
when they are  there is a problem,
alone.” they solve
. (Student #31) together.”
Coparison (Student #41)
“They work in
“They work group because
alone because they make
Post they need information -
concentration.”  exchange among
(Student #34) them.”
(Student #32)
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4.1.2.7. Social and Cultural Embeddedness Aspect

Results for social and cultural embeddedness aspect of NOE were shown in Table
3.37. below.

Table 3.37. Frequency and Percentage Values for Social and Cultural Embeddedness Aspect of
VNOE-E Questionnaire

Social and Inadequate Adequate Informed
cultural
embeddedness fore % fpost % fore % fpost % Jfore % fpost %
aspect

Table 3.37. Frequency and Percentage Values for Social and Cultural Embeddedness Aspect of
VNOE-E Questionnaire (cont’d)

Experimental

(E)

Comparison

©)

380 6 250 12 50.0 15 63.0 3 120 3 120

350 6 350 8 47.0 10 59.0 3 180 1 6.0

According to the results of pre-VNOE-E for experimental group in Table 3.37., 38
percent of the students held inadequate view for social and cultural embeddedness
aspect of NOE; recognizing no interaction between engineering and society. Half of
the students (50 %) presented adequate view; providing extended explanation about
interaction between engineering and society, but lack of examples. In post-VNOE-E,
there was decrease in number of the students presenting inadequate view (25 %)
regarding pre-VNOE-E; recognizing no interaction between engineering and society.
Conversely, there was increase in number of the students maintaining adequate view
(63 %); providing extended explanation about interaction between engineering and
society but lack of examples. Moreover, in both pre- and post-VNOE-E, 12 percent of
the students maintained informed view; providing extended explanation and
supporting that view with examples about social and cultural embeddedness aspect of
NOE. In sum, engineering design-based instruction decreased percentage of the

students having inadequate view while increase that of ones having adequate view.
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The results of comparison group in pre-VNOE-E, less than half of the students (47 %)
held adequate view; providing extended explanation about interaction between
engineering and society, but lack of examples and 18 % of them maintained informed
view; providing extended explanation and supporting that view with examples. In
post- VNOE-E, there was increase in number of the students holding adequate view
(59 %) while there was decrease in number of the students holding informed view (6
%). In addition, there was no change in number of the students presenting inadequate
view because 35 percent of the students maintained that view in both pre- and post-
VNOE-E. In brief, curriculum based-instruction increase percentage of the students

maintaining adequate view while decrease that of ones having informed view.

Example quotations of students’ inadequate, adequate and informed views for social

and cultural embeddedness aspect of NOE were given in Table 3.38. below.

Table 3.38. Example Quotations of Students’ Responses to Social and Cultural Embeddedness Aspect
in VNOE-E Questionnaire

Instruction
Group of VNOE-E Inadequate Adequate Informed
“Engineering
design solutions
ff rlif “Th ki
artect ,Ou ,,e “They make our . « ana e.our
negatively. , , life easier like
life easier.”
(Student #16) computers, so
. (Student #6) .
Experimental Pre we can find
Grou “Engineeri information
P _ngmeerl_n & “They affect our . .
design solutions . . . easily with
life positively. .,
do not affect (Student #20) computers.
our life.” (Student #10)
(Student #18)
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Table 3.38. Example Quotations of Students’ Responses to Social and Cultural Embeddedness Aspect
in VNOE-E Questionnaire (cont’d)

“We can learn

more
“I do not know.” information
(Student #13) “They make our when computers
life easier and have been
Post “They are provide to live  developed, and
harmful insome  comfortably.”  we can be in safe
fields.” (Student #6) when bridges
(Student #22) have been
developed.”
(Student #1)
“We can learn
more
“I do not know.” information
(Student #13) “They make our when computers
life easier and have been
Post “They are provide to live  developed, and
harmful insome  comfortably.”  we can be in safe
fields.” (Student #6) when bridges
. (Student #22) have been
Comparison .
Group developed.
(Student #1)
“They affect our
“Our life may life positively,
happen worse, “They make our for example;
Post we may have life easier.” Co.mpUterS
some provide us both
(Student #30) X .
challenges.” information and
(Student #40) fun.”
(Student #36)

4.2. Descriptive Results for “STEM Attitude Scale: Middle School Version (m-
STEM)” Questionnaire

In quantitative analyses of M-STEM, the research question (main problem) is;
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» What is the effect of engineering design-based instruction (EDBI) over
curriculum-based instruction (CBI) on 7" grade students’ attitudes towards
STEM in Ankara?

To research the main problem about attitudes towards STEM of the present study, sub-

problem was evaluated by conducting Mann-Whitney U test. Sub-problem is;

> Is there a significant difference between gained attitude scores of students taught
with engineering design-based instruction (EDBI) and the students taught with
curriculum-based instruction (CBI) with respect to students’ attitudes towards
STEM?

The null hypothesis for sub-problem is;

» There is no significant difference between gained attitude scores of students
taught with engineering design-based instruction (EDBI) and the students taught
with curriculum-based instruction (CBI) with respect to students’ attitudes
towards STEM.

Test statistics table of experimental group receiving engineering design-based
instruction and comparison group receiving curriculum-based instruction for M-
STEM as the result of Mann-Whitney U test was presented in detail in Table 3.39.

below.

Table 3.39. Test Statistics for M-STEM Questionnaire

Total Attitudes

Mann-Whitney U 166.000
Wilcoxon W 319.000
Z -1.006
Asymp. Sig. (2-tailed) 314

Grouping Variable: Type of treatment

When Table 3.39. was analyzed, the z value is -1.01 (rounded) with a significance

level (p) of p =.31. The probability value (p) is not less than or equal to .05, so the
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result is not significant. Therefore, the null hypothesis is retained, and there is no
statistically significant difference in the gained attitude scores of experimental and

comparison groups.

Effect size statistic (r) can be approximately calculated by using z and N values given
in tables above (Cohen, 1988). Effect size was calculated as r = .00 by using r =
z/square root of N where N = total number of cases. This would be considered no
effect size using Cohen (1988) criteria of .1 = small effect, .3 = medium effect, .5 =
large effect.

Instead of comparing means of the two groups, as in the case of t-test, the Mann-
Whitney U test compares medians. Median values of each group were shown in detail
in Table 3.40. below.

Table 3.40. Median Values of Groups in M-STEM Questionnaire

Gained Score

Type of Treatment N Median
!Engmee_rmg design-based 24 2.00
instruction
_Currlcu_lum based- 17 -1.00
instruction
Total Al 1.00

A Mann-Whitney U Test revealed no significant difference in the attitudes of
experimental group receiving engineering design-based instruction (Md = 2.0, n = 24)
and comparison group receiving curriculum-based instruction (Md = -1.0, n =17), U
=166.0,z=-1.01, p=.31, r=.00.

M-STEM has 4 sub-dimensions including mathematics, science, engineering and 21°
century skills. Results of these sub-dimensions were analyzed in terms of agreement
percentages for items and change in mean scores among pre and post administration

in detail.
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4.2.1. Mathematics

Results for mathematics sub-dimension of M-STEM were shown in Table 3.41.

below.

Table 3.41. Agreement Percentages for Items and Mean Scores in Mathematics Sub-dimensions of M-

STEM
Experimental Comparison
Item Group Group
Pre Post Pre  Post
1. Math has been my worst subject. 62.5 54.1 765 82.4
2. 1 would consider choosing a career that
uses math. 54.2 66.7 47.0 47.0
3. Math is hard for me. 66.7 625 706 706
4. 1 am the type of student to do well in
math. 62.5 750  58.8 588
5. I can handle most subjects well, but |
cannot do a good job with math. 58.3 70.8 706 76.4
6. 1 am sure | could do advanced work in
math. 54.1 54.1 471 58.8
7. | can get good grades in math. 750 292 823 647
8. I'am good at math. 62.5 708 637 588
Mean Scores of Mathematics 29.33 31.04 30.29 29.29

In experimental group, the results showed that agreement percentages for items 2, 4,
7 and 8 increased after engineering design-based instruction. Moreover, agreement

percentages in reverse items which are item 1 and 3 decreased after instruction. In
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general, mean score in pre-test (29.33) increased to 31.04 in post-test in experimental

group after engineering design-based instruction.

Regarding the results of comparison group having curriculum-based instruction,
agreement percentages for items 2, 4, 7 and 8 decreased except item 6 after instruction.
Moreover, agreement percentages in reverse items which are item 1 and 5 increased
except item 3 after instruction. In general, mean score in pre-test (30.29) decreased to

29.29 in post-test in comparison group after curriculum based-instruction.
4.2.2. Science

Results for science sub-dimension of M-STEM were shown in Table 3.42. below.

Table 3.42. Agreement Percentages for Items and Mean Scores in Science Sub-dimension of M-STEM

Experimental Group Comparison
Item Group
Pre Post Pre Post
1. 1 am sure of myself when I do
science. 87.5 70.8 70.6 58.8
2. 1 would consider a career in science.
58.3 58.3 58.8 53.0
3. | expect to use science when | get out
of school. 58.3 75.0 64.7 47.1
4. Knowing science will help me earn a
living. 83.3 83.3 765  70.6
5. 1 will need science for my future
work. 83.4 79.2 70.6 53.0
6. 1 know I can do well in science.
91.7 83.4 64.7 70.6
7. Science will be important to me in
my life’s work. 87.5 70.8 63.7 53.0
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Table 3.42. Agreement Percentages for Items and Mean Scores in Science Sub-dimension of M-STEM

(cont’d)
8. I can handle most subjects well, but |
cannot do a good job with science. 91.7 79.2 88.2 82.4
9. I am sure | could do advanced work
in science. 58.3 62.5 34.3 47.1
Mean Scores of Science 38.21 37.29 32.88 30.82

Table 3.42. shows that agreement percentages in experimental group for items 3 and
9 increased after engineering design-based instruction. However, they presented
decrease in items 1, 5, 6 and 7. In addition, there was also decrease of agreement
percentages in reverse item which is item 8. In general, mean score in pre-test (38.21)
decreased to 37.29 in post-test in experimental group after engineering design-based

instruction.

The results of comparison group having curriculum-based instruction presented that
agreement percentages for items 6 and 9 increased after instruction. Nonetheless, they
showed decrease in items 1, 2, 3, 4, 5 and 7. In addition, there was also decrease of
agreement percentages in reverse item which is item 8. In general, mean score in pre-
test (32.88) decreased to 30.82 in post-test control group after curriculum based-

instruction.
4.2.3. Engineering

Results for engineering sub-dimension of M-STEM were shown in Table 3.43. below.
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Table 3.43. Agreement Percentages for Items and Mean Scores in Engineering Sub-dimension of M-

STEM
. Comparison
Experimental Group
Item Group

Pre Post Pre Post
1. I like to imagine creating new
products. 95.8 83.3 706 824
2. If 1 learn engineering, then |
can improve things that people use
every day. 62.5 79.1 70.6 82.3
3. I am good at building and fixing
things. 66.6 66.6 235 353
4. 1 am interested in what makes
machines work. 62.5 66.7 35.3 17.7
5. Designing products or structures
will be important for my future work. 50.0 62.5 70.5 53.0
6. 1 am curious about how
electronics work. 66.7 70.9 52.9 35.3
7. 1 would like to use creativity
and innovation in my future work. 75.0 70.8 58.8 53.0
8. Knowing how to use math
and science together will allow me to
invent useful things. 70.8 750 64.7 ar.l
9. I believe I can be successful in a
career in engineering. 41.7 41.7 29.4 23.5
Mean Scores of Engineering 34.50 34.33 30.71 29.00
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As shown in Table 3.43., agreement percentages in experimental group for items 2, 4,
5, 6, and 8 increased after engineering design-based instruction. However, they
presented decrease in items 1 and 7. In addition, there was also no change in agreement
percentages in items 3 and 9. In general, there was unobtrusive decrease in mean score
from 34.50 in pre-test to 34.33 in post-test in experimental group after engineering

design-based instruction.

Agreement percentages of comparison group having curriculum based-instruction in
items 1, 2, and 3 presented increase while other items which are 4, 5, 6, 7, 8 and 9
showed decrease. Generally, there was decrease in mean score from 30.71 in pre-test

to 29.00 in post-test in comparison group after curriculum based-instruction.
4.2.4. 215 Century Skills

Results for 21% century skills sub-dimension of M-STEM were shown in Table 3.44.

below.

Table 3.44. Agreement Percentages for Items and Mean Scores in 21st Century Skills Sub-dimension

of M-STEM
. Comparison
Experimental Group
Item Group

Pre Post Pre Post
1. I am confident I can lead others to
accomplish a goal. 62.5 75.0 41.1 58.8
2. lam C(_)nfldent | can encourage others 833 833 35.3 58.8
to do their best.
3. I am confident I can produce high
quality work. 62.5 79.2 35.3 52.9
4. | am confident | can respect the
differences of my peers. 87.5 91.6 64.7 70.6
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Table 3.44. Agreement Percentages for Items and Mean Scores in 21st Century Skills Sub-dimension

of M-STEM (cont’d)

5. 1 am confident | can help my
peers. 83.4 87.5 58.8 58.8

6. I am confident I can include
others’ perspectives when making

decisions. 91.7 91.7 70.6 58.8
7. I am confident | can make changes
when things do not go as planned. 70.8 87.5 52.9 41.1
8. I am confident I can set my own
learning goals. 75.0 79.2 58.8 70.6
9. I am confident | can manage my
time wisely when working on my own.  70.8 75.0 47.1 52.9
10. When | have many assignments,
I can choose which ones need to be
done first. 87.5 83.3 64.7 70.6
11. I am confident I can work well
with students from different

79.1 75.0 64.7 47.0

backgrounds.

Mean Scores of

21st Century Skills 46.00 46.38 38.65  38.47

Regarding the results of Table 3.44., the students having engineering design-based
instruction showed increase in items 1, 3, 4, 5, 7, 8 and 9. Nonetheless, there was
decrease in items 10 and 11. Also, they showed no change in items 2 and 6. In general,
there was increase in mean score from 46.00 in pre-test to 46.38 in post-test in

experimental group after engineering design-based instruction.

Agreement percentages of the students having curriculum based-instruction in items

1,2, 3,4,8,9, and 10 presented increase while other items which are 6, 7, and 11
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showed decrease. Moreover, there was no change in agreement scores in item 5.
Generally, there was decrease in mean score from 38.65 in pre-test to 38.47 in post-

test in comparison group after curriculum based-instruction.
4.3. Summary of the Results
The results of the study revealed that;

e There was a significant difference in nature of engineering views of students
receiving engineering design-based instruction and others receiving
curriculum-based instruction.

e For demarcation aspect of NOE views, percentage of the students presenting
inadequate view decreased as the approximate percentage of the ones
maintaining informed view increased after engineering design-based
instruction. Nonetheless, in comparison group, there was increase in
inadequate and informed views while there was decrease adequate view after
curriculum-based instruction.

¢ Images of engineering of students having engineering design-based instruction
were developed by themes while there was decrease or no change in students’
development about images of engineering having curriculum-based
instruction.

e Majority of the students held inadequate view for engineering design process
(EDP) aspect of NOE views before engineering design-based instruction, and
percentage of students presenting adequate or informed views increased after
engineering design-based instruction. However, there was no change in
inadequate views of students in comparison group after curriculum-based
instruction.

¢ Intentativeness aspect of NOE views, most of the students presented adequate
view before instruction, and this situation was also observed after engineering
design-based instruction. In addition, percentage of students showing

inadequate view decreased after instruction. In comparison group, more than
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half of the students showed adequate view, and percentage of this view
increased while inadequate and informed views decreased after curriculum-
based instruction.

For creativity aspect of NOE views, approximately all students presented
adequate view and a student showed inadequate view before instruction.
However, all students in group had adequate view for the role of creativity and
imagination during EDP after engineering design-based instruction. In
comparison group, percentage of the students showing adequate view did not
change after curriculum-based instruction. However, while the number of the
students maintaining inadequate view increased, that of ones showing
informed view decreased after curriculum-based instruction.

In subjectivity aspect of NOE view, small percentage changes occurred in
inadequate and adequate views after engineering design-based instruction. In
brief, percentage of the students presenting inadequate view decreased while
that of ones showing adequate view increased after instruction. Moreover, this
situation was also seen in comparison group having curriculum-based
instruction.

For social aspects of engineering aspect of NOE view, more than half of the
students maintained inadequate view. However, percentage of the students
maintaining adequate view increased as number of the students presenting
inadequate and informed view decreased after engineering design-based
instruction. Nonetheless, number of the students presenting inadequate view
increased as long as proponents of adequate view decreased after curriculum-
based instruction in comparison group.

In social and cultural embeddedness aspect of NOE view, half of the students
showed adequate view before instruction. Engineering design-based
instruction decreased percentage of the students having inadequate view while

increased that of ones having adequate view. In comparison group, curriculum
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based-instruction increased percentage of the students maintaining adequate
view while decreased that of ones having informed view.

There was no significant difference in attitudes towards STEM of students
receiving engineering design-based instruction and others receiving
curriculum-based instruction.

The students taught with engineering design-based instruction presented
increase in mathematics and 21% century skills sub-dimensions while showed
unobtrusive decrease in engineering and science. Nonetheless, others taught
with curriculum based-instruction presented decrease in all sub-dimensions;

mathematics, science, engineering and 21% century skills.
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CHAPTER 5
DISCUSSIONS, CONCLUSIONS, IMPLICATIONS, RECOMMENDATIONS

In this chapter, the major results of the present study are discussed in the light of
related literature. In addition, implications and recommendations for further studies

are also addressed in the closure of the chapter.
5.1. Discussions

In this part, the results of the present study were discussed. The purpose of the study
was to investigate the effect of engineering design-based instruction on students’ NOE
views; changes on NOE aspects regarding to engineering design-based instruction;
and the effects of engineering design-based instruction on students’ attitudes towards
STEM. For this reason, students’ NOE views and attitudes towards STEM were
determined by two different valid and reliable questionnaires. Then, statistical
analyses were conducted to investigate the effect of engineering design-based
instruction on students’ NOE views and attitudes towards STEM. Moreover, change

on students’ views for each NOE aspect was analyzed qualitatively.

In the following sections, the effect of engineering design-based instruction on
students’ NOE views; changes on NOE aspects regarding to engineering design-based
instruction; and the effects of engineering design-based instruction on students’
attitudes towards STEM were discussed respectively based on the findings of the

present study.
5.1.1. Nature of Engineering Views

Research Question 1: What is the effect of engineering design-based instruction
(EDBI) over curriculum-based instruction (CBI) on 7th grade students’ nature of

engineering (NOE) views in Ankara?

In the present study, the effect of engineering design-based instruction on 7" grade
students’ NOE views were determined by VNOE-E questionnaire. Results of the study

presented that there was a significant difference in nature of engineering views of 7t
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grade students receiving EDBI and others receiving CBI after treatments. The study
followed pre- and post-test design and a comparison group was included to investigate
the effectiveness of engineering design-based instruction. Mean values of
experimental and comparison groups were close to each other before the instruction.
However, the difference between them after the instructions more rather than that
before the treatments. Moreover, mean value of the experimental group was increased,
while it was decreased in comparison group after the instruction. Therefore, it can be
concluded that the differences between groups can be explained by use of different
instructions. Engagement in engineering design-based instruction (EDBI) and
explicitly emphasizing engineering design process (EDP) with activities might have
helped them increase their nature of engineering (NOE) views. In a similar vein, the
results of previous studies showed the positive effect of engineering design-based
instruction on students’ academic achievement, attitude, motivation, science learning,
and engineering design process steps (Yildirnm & Altun, 2015; Guzey et al., 2016;
Roth, 2001; and Altas, 2018), and integration of engineering in curriculum increases
students’ academic achievement, 21st century skills, motivation towards learning
science and their attitudes toward STEM (Moore et al., 2015). In addition, students’
interest in science and engineering can be increased by teaching science with
engineering design-based instruction (NAE & NRC, 2014). Moreover, Yesilyurt and
others (2019) investigated the effect of engineering design experience on NOE views
of elementary students (grades 3-5). According to the study, participating in a
Saturday STEM School Program for five weeks including an engineering design
challenge improved NOE views of elementary students. Students were administered
the VNOE-E both at the beginning and at the end of the treatment. In data analysis,
responses were analyzed based on the NOE framework describing each NOE aspects
developed by the authors (Deniz, Yesilyurt, Kaya & Trabia, 2017). The NOE
framework was developed by adapting NOS research framework in their previous
study (Deniz, Yesilyurt, Kaya & Trabia, 2017). They pointed out that similarity
between NOS and NOE aspects like tentativeness, subjectivity, socially and culturally
embeddedness etc. except engineering design process (EDP). The result of the study
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presented that elementary students’ NOE views were changed positively after
participating in Saturday STEM School Program including an engineering design
challenge. In addition, the result of the present study is consistent with the results of
previous researches about engineering views which were stated in literature review
chapter (Deniz, Yesilyurt, Kaya & Trabia, 2017; Yesilyurt et a., 2019; Yildirnm &
Tiirk, 2018; Altas, 2018; & Ercan, 2014). In addition, a similar study was conducted
by Deniz, Yesilyurt, Kaya and Trabia (2017) with elementary teachers. The teachers
participated in engineering professional development program for 3 days (6 hours per
day) in which they were instructed with engineering design process as a real-life
example, creativity during engineering design and other NOE aspects, and then they
constructed a soda can crusher in groups based on engineering design process. This
study also showed that elementary teachers’ NOE views were changed positively after
participating in a professional development program including an authentic
engineering design challenge (Deniz et al., 2017). In the present study, the mechanical
engineer’s sharing of their occupational experiences was especially valuable in
enriching the world context of the activities through EDBI. Therefore, the students
experienced engineering with the mechanical engineer (demarcation criteria).
Creativity and subjectivity aspects of NOE were also experienced with engineering
design process steps and different designs of final prototypes of each group. The
activites prepared based on EDP steps enabled the students to experience engineering
design process (EDP) aspect of NOE. Besides, tentativeness aspect was emphasized
during the activities because of redesign of the prototype or EDP step. In addition, the
students were also experienced social and cultural embeddedness aspect of NOE
because of economic factors (criteria and constraints) on engineering design solutions
and the effects of solutions on the daily life. Therefore, the difference in NOE views
between groups might be attributed to the positive effect of engineering design-based
instruction. As Yesilyurt et al. (2019) emphasized that first-hand experience in

engineering design challenges can improve elementary students’ NOE views.
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In summary, there was significant effect of engineering design-based instruction on
7" grade students NOE views positively. Students taught with engineering design-
based instruction showed significant development in their nature of engineering
views. However, the students taught with curriculum-based instruction did not show
any development in their nature of engineering views, in fact they showed decrease in
that because they did not experience any aspect of NOE in curriculum-based
instruction (CBI). This result may be explained with the lack of an explicit instruction
of NOE as explained in previous studies (Yesilyurt et al., 2019; Deniz et al., 2017).
They explained that NOE ideas should be explicitly introduced to the students by the
teachers like explicit NOS instruction.

5.1.2.Change in Nature of Engineering Views

Research Question 2: How does engineering design-based instruction (EDBI) impact

7th grade students’ views about nature of engineering aspects (NOE) in Ankara?

In the present study, how the students’ views for each NOE aspect change with
engineering design-based instruction (EDBI) were examined by using VNOE-E
questionnaire. The participants’ views for each aspect (demarcation criteria, creativity,
engineering design process, subjectivity, social and cultural embeddedness,
tentativeness, and social aspects of engineering) were evaluated as inadequate,
adequate or informed view based on “NOE categorization schema” (Table 3.14.)

developed by the researcher in experimental and comparison groups in detail.

Results of the study showed that majority of the students held adequate and informed
views of demarcation criteria (92 %), creativity (100 %), and social and cultural
embeddedness (75 %) aspects of NOE after engineering design-based instruction.
Moreover, percentage of the students showing inadequate views decreased after the
instruction. In the literature, similarity between NOS and NOE aspects was pointed
out by some studies (Deniz et al., 2017; Yesilyurt et al., 2019). As the results of many
previous studies also showed that most of the participants held inadequate views of
some NOS aspects without receiving NOS instruction (e.g., Abd-El-Khalick, 2005;
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Mihladiz, & Dogan, 2012), so eliminating inadequate views of demarcation criteria,
creativity and social and cultural embeddedness aspects might be limited with these
engineering design-based activities because of developing the activities based on EDP
steps. Therefore, there might be more emphasize on these NOE aspects during EDBI.
In comparison group, there were no improvement in their adequate and informed
views of these aspects of NOE, in fact there was decrease or no change in their views
because of not receiving EDBI. This study investigated the effectiveness of the EDBI,
so followed pre- and post-test design. Therefore, it can be concluded that receiving
EDBI and explicitly emphasizing NOE aspects might improve the NOE views of the
students. This can be supported with the fact that participants improved their views of
various NOE aspects after receiving an explicit instruction of NOE by previous
researches (Deniz et al., 2017; Yesilyurt et al., 2019).

It can be concluded that the students’ opinions about engineer and engineering
discipline (demarcation criteria) was developed positively after EDBI. They
recognized that engineering is about engaging solutions for specific problems, and
some of the students (25 %) were successful in giving examples for their opinions.
For example, some quotations were “Engineers design something to make our life
easier and to help us.”, “Engineering has many types, and engineers find solutions to
make people’s life easier. They design planes, computers.” etc. The results of previous
studies also showed the positive effect of STEM Education or engineering design-
based instruction on views about engineer or engineering discipline (Yesilyurt et al.,
2019; Deniz et al., 2017; Yildinnm &Tiirk, 2018; Altas, 2018; and Ercan, 2014). In the
present study, the students experienced engineering by working with the mechanical
engineer and engineering design process. Therefore, the high percentages of
participants with adequate and informed views of demarcation aspect might be caused
from working with the mechanical engineer at the beginning of the engineering
design-based instruction, which indicates that he had a significant impact on students’

idea about engineering.
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Moreover, when the engineer drawings of the students in terms of images in the
drawings and gender of the engineer were analyzed, the participants developed more
their drawings in designing or building/fixing themes after EDBI. In the drawings,
tools (nippers), hard hat, and building materials (wood, stone, brick) were drawn as
images of building/fixings before EDBI. The same theme also showed its existence
with increasing in the number of frequencies of these images after EDBI. According
to these drawings, the engineer generally wearing hard hat have building materials in
near. Besides these images, table-desk, chair, drawings, book/pencil, models, and
computers were also observed as images of designing in the drawings before EDBI.
They also showed development in frequencies about the images of designing after
EDBI. In the drawings, the engineer sitting on a chair draw a design by pencil or
computer. The result of previous study showed that drawings of the students showed
considerable evidence for the themes of images about building/fixing and designing
without any intervention (Knight & Cunningham, 2004). Moreover, in the present
study, engineering design-based instruction (EDBI) improved more the students’
drawings in designing and building/fixing themes. In addition to images, EDBI had
an effect on the participants’ views for gender of an engineer. The percentage of the
students’ drawing of male engineer was increased, and more than half of the
participants drew a male engineer. These results might be caused from working with
the male engineer and his projects about designing at the beginning of the engineering
design-based instruction, which indicates that he had a significant impact on students’
idea about engineering. The results of previous study also showed the effect of
working with two female undergraduate engineering students in students’ drawings
because their drawings presented that significant difference in the number (22 % of
difference) between a female and male engineer. There was mostly a female engineer
than male after working with the female engineering students for a few months before
the research (Knight & Cunningham, 2004).

In creativity aspect of NOE, the students’ opinions about the role of creativity and
imagination during EDP was developed positively after EDBI. All students held

130



adequate view of this aspect after the instruction and presented that creativity and
imagination play a major role of at any step of engineering design process. Working
in small groups to solve daily life problems and observing different types of prototype
designs, materials etc. at the end of the activities provided the students to recognize
that every participant in the groups have different creativity and imagination because
of choosing different materials, designs etc. The results of previous study showed that
STEM activities based on daily life problems improved their motivation towards
courses and creativity, and also for their social life like career choices (English,
Hudson & Dawes, 2013; English, 2018; Fan & Yu, 2015; Ugras, 2018; Sahin, Ayar
& Adigiizel, 2014). Therefore, it can be concluded that administration of engineering
design-based activities in the light of working in small groups might improve the

creativity views of the students.

In social and cultural embeddedness aspect of NOE, the students’ opinions about the
influence between socio-cultural values of a society (religion, political and economic
factors, worldview etc.) and engineering design solutions was developed positively
after EDBI. Most of the students presented adequate and informed views of this aspect
after the instruction because engineering design-based activities helped them
experience to solve daily life problems by using their scientific knowledge. In the
activities, engineering design solutions were given in scenarios. Firstly, they identified
the problem or need, then they tried to find appropriate solutions by using their
scientific knowledge and considering criteria and constraints (economic factors, time,
accessibility of materials etc.). Moreover, the results of previous study showed that
social injustices like local water pollution are analyzed and addressed by the students
by using scientific principles (Dimick, 2012). The students integrated their scientific
knowledge with the daily life problem to find solutions for water pollution, so social
and cultural embeddedness of engineering was emphasized and improved with the
daily life problem. Therefore, it can be concluded that experience to solve daily life
problems based on engineering design-based activities might improve the social and

cultural embeddedness views of the students.
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Results of the study showed that less than half of the students held adequate and
informed views of engineering design process (EDP) (29 %) and social aspects of
engineering (37 %) of NOE after engineering design-based instruction. The same
positive effect of EDBI was presented in these aspects of NOE in the study, but this
effect did not have obtrusive percentage of students like previous aspects of NOE. All
students held inadequate views for EDP aspect before EDBI, and percentage of
students presenting adequate or informed views (29 %) increased after instruction.
EDBI enabled the students to recognize EDP as a production process of tools and
technologies to engage solutions for specific problems in real life context, and its steps
(“finding a problem or need”, “researching possible solutions”, “choosing the best
solution”, and “building and testing the prototype™), in fact, some students supported
their views with examples. For instance, some quotations were “EDP is about
designing process having some steps.”, “EDP has 4 steps; determining a problem,
making research about the problem, finding the best solution for us, designing and
testing. For example, we designed a building.” etc. The results of previous studies also
showed the positive effect of using engineering design process in science education
on students’ decision-making skills, scientific process skills and academic
achievements (Guzey et al., 2016; English et al., 2017; English et al., 2013; English,
2018; Purzer et al., 2015; Roth, 2001; Fan & Yu, 2015; Bozkurt, 2014; Gencer, 2015;
Yildirim & Selvi, 2017); and the positive effect of STEM education on perceptions of
classroom teacher candidates about EDP (Altas, 2018). Therefore, it can be concluded
that implementation of engineering design-based activities might improve the EDP

views of the students.

In social aspects of engineering aspects of NOE, percentage of students presenting
adequate or informed views (37 %) increased after instruction. Like EDP aspect, there
was no obtrusive percentage of students, but there was increase in the students’ views
of this aspect. EDBI was student- centered and provided the students to work in small
groups. During the activities, all students pretended like an engineer and discussed in
group for materials, design etc., so they had effective social negotiation and improved
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the quality of their engineering design solutions with group members. The results of
previous study showed that STEM activities based on daily life problems improved
their motivation towards courses and creativity, and also their social life like career
choices (Ugras, 2018). Therefore, it can be concluded that working in small groups
during engineering-design based activities might improve the students’ social aspects

of engineering aspect of NOE.

Results of the study showed that less than most of the students held adequate views of
tentativeness (87 %), and subjectivity (62 %) aspects of NOE after engineering design-
based instruction. The same positive effect of EDBI was presented in these aspects of
NOE in the study, but this effect was also observed in comparison group receiving
curriculum-based instruction (CBI). In both groups, the students’ ideas about the
flexibility of EDP steps and not being unique solution to an engineering design
problem (tentativeness) were improved positively. Previous studies presented that
participants improved their views of various NOE aspects after receiving an explicit
instruction of NOE (Yesilyurt et al.,2019; Deniz et al., 2017). Therefore, it can be
concluded that emphasizing on tentativeness and subjectivity aspects of NOE might
be limited during engineering-design based activities because of developing the

activities based on EDP steps.

In summary, most of the participants generally held adequate and informed views of
NOE aspects. The students taught with engineering design-based instruction (EDBI)
showed development in their views of NOE aspects. However, in comparison group,
the percentage of students’ inadequate, adequate and informed views of demarcation
aspect was close to each other, so there was no significant change for any view after
curriculum-based instruction (CBI). Moreover, engineer drawings of the comparison
group presented that most of the students drew an engineer with unknown gender, and
there was no improvement in drawings in terms of themes (images of building/fixing,
designing etc.) after CBI. In engineering design process (EDP) aspect, all students
presented inadequate view after CBI because of not receiving EDBI which were

developed based on EDP steps. Moreover, in social aspects of engineering aspect,
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there was an increase in inadequate views while there was a decrease in adequate
views, and more than half of the students still presented inadequate views for this
aspect of NOE after the instruction. In subjectivity, tentativeness social and cultural
embeddedness aspects, improvement in adequate views of the students were
presented, but percentage of inadequate view was still critically over. The results of
creativity aspect of NOE showed that most of the students presented adequate views
and there was no change in the percentage after CBI. The results of the present study
showed that receiving curriculum-based instruction (CBI) did not have a significant
improvement in the students’ views about NOE aspects and also the number of the
students showing inadequate views for various aspects was very critical. These results
may be explained by the lack of an explicit instruction of NOE (Yesilyurt et al., 2019;
Deniz et al., 2017).

5.1.3. Attitudes Towards STEM

Research Question 3: What is the effect of engineering design-based instruction
(EDBI) over curriculum-based instruction (CBI) on 7th grade students’ attitudes
towards STEM in Ankara?

In the present study, the effect of engineering design-based instruction on 7" grade
students’ attitudes towards STEM depending on four different sub-dimensions;
mathematics, science, engineering and 21% century skills were assessed by M-STEM

guestionnaire.

Results of the study indicated that there was no statistically significant difference in
students’ attitudes towards STEM score taught with engineering design-based
instruction and others taught with curriculum-based instruction after treatments.
Previous studies showed the positive effect of STEM education on students’ attitudes
towards STEM or science (Yamak et al., 2014; Yasak, 2017; Baran et al., 2015; Guzey
et al., 2016; Tiirk, 2018; Guzey et al., 2014; Mahoney, 2010). Students’ attitudes
towards STEM disciplines can be increased with the integration of technology and

engineering in K-12 curriculum. Integration of engineering in curriculum increases
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students’ academic achievement, 21st century skills, motivation towards learning
science and their attitudes toward STEM (Guzey et al., 2016; Moore et al., 2015).
However, the result of the present study was not consistent with previous researches.
There was no significant effect of engineering design-based instruction on students’
attitude towards STEM. This could be explained with the limited length of the study
(3 weeks) on attitudinal change because attitudes are not easy to be changed.
Therefore, in the present study, the length of the engineering design-based instruction
(EDBI) might not be enough to improve or change the attitudes of the students towards
STEM.

Moreover, results of four sub-dimensions (mathematics, science, engineering and 21
century skills) were analyzed in terms of agreement percentages for items and change
In mean scores among pre and post administrations in detail. The result of the
mathematics and 21 century skills sub-dimensions presented that EDBI affected the
students’ attitudes towards mathematics and 21% century skills positively while others
receiving curriculum based-instruction showed decrease in their attitudes towards
them. For example, in mathematics sub-dimension, the students showed more
agreement for choosing a career that uses math, being a student to do well in math,
getting good grades in math, and being good at math. However, the participants
receiving curriculum-based instruction presented decreasing agreement for these
opinions. In addition, STEM Education is effective in developing individuals 21%
century skills, and they can adapt to the developments and innovations in the 21
century (Ugras, 2018; Khalil & Osman, 2017). For example, the students thought to
be more confident about leading others to accomplish a goal, producing high quality
work, respecting the differences of peers, helping peers, making changes when things
do not go as planned, setting learning goals, and managing time wisely when working
after engineering design-based instruction. However, mean score of attitudes towards
21%t century skills sub-dimension of STEM, and being confident about making
changes when things do not go as planned, working well with students from different

backgrounds, and including others’ perspectives when making decisions were

135



decreased after curriculum-based instruction. The results of previous studies showed
that project-oriented problem-based learning (POPBL) in integrated STEM education
program and after-school STEM activities increased the level of 21% century skills of
the participants (Sahin, Ayar & Adigiizel, 2014). The results of the mathematics and
21% century skills sub-dimensions provided to conclude that engineering design-based
instruction might improve the attitudes towards mathematics and 21 century skills of
the participants. To sum up, there was a positive effect of engineering design-based
instruction on attitudes towards mathematics and 21% century skills sub-dimensions of
STEM. This result is consistent with that integration of engineering in curriculum
increases students’ academic achievement, 21% century skills, motivation towards
learning science and their attitudes toward STEM (Moore et al., 2015; Guzey et al.,
2016).

The result of the third sub-dimension which is science showed that although there was
no increase in mean score of attitudes towards science aspect of STEM, the students
showed residual agreement in some items. Giilhan and Sahin (2016) showed the
positive effects of STEM integration on students’ attitudes towards the science,
engineering and technology disciplines of STEM. This result might be resulted from
the limited length of the study (3 weeks) on attitudinal change as mentioned before.
Moreover, attitude may change from subject to subject (Kaynar, 2007). Recognizing
the benefit of science in daily life is important for the interest in science and also
learning science (Hoffman & Haussler, 1998). Therefore, in the present study, the
length of the instruction and the students’ lack of interest towards science might be
factors about not changing attitudes towards science sub-dimension of STEM.
Nevertheless, the students presented improvements in some items about attitudes
towards science. For instance, the students agreed more to use science when getting
out of school, to do advanced work in science after engineering design-based
instruction, and to do a good job with science like most subjects. Nonetheless, students
receiving curriculum-based instruction presented decreasing agreement about using

science when getting out of school, being sure when doing science, having need
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science for future works, being important of science in life’s work, considering a
career in science, and knowing help of science to earn a living. Therefore, it can be
concluded that engineering design-based instruction might have an effect in the

improvement of some opinions about attitudes towards science of the participants.

The result of the last sub-dimension which is engineering indicated that in spite of
unobtrusive decrease in mean score of attitudes towards engineering aspect of STEM,
the students showed residual agreement in some items like in the science sub-
dimension. The results of previous studies showed that the positive development on
nature of engineering views of the students and teachers with explicit NOE instruction
and engineering design experience (Yesilyurt, Deniz, & Kaya, 2019; Deniz et al.,
2017); the positive development on the perceptions of classroom teacher candidates
about engineering with STEM education approach (Altas, 2018); the effects of STEM
applications integrated to science curriculum on female students’ attitudes towards
STEM and views of engineer and engineering (Yildirim & Tiirk, 2018), the effect of
design-based science education practices on the 7th grade students’ academic
achievement, their decision-making skills, and their perspectives and abilities on
engineering discipline (Ercan, 2014). However, in the present study, there was no
improvement in attitudes of the students towards engineering sub-dimension of
STEM. This result might be resulted from the limited length of the instruction as
mentioned before. Nevertheless, agreement percentages about improving things that
people use every day by learning engineering, being interested in what makes
machines work, being important of designing products or structures for future works,
being curious about how electronics work, and knowing how to use math and science
together to invent useful things were increased after engineering design-based
instruction. However, mean score of attitudes towards engineering aspect of STEM,
and agreement percentages about being interested in what makes machines work,
being important of designing products or structures for future works, being curious
about how electronics work, knowing how to use math and science together to invent

useful things, using creativity and innovation in future works, and believing to be
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successful in a career in engineering decreased after curriculum based instruction.
Therefore, it can be concluded that engineering design-based instruction might have

an effect in the improvement of attitudes towards engineering of the participants.
5.2. Conclusions

Engineering is a part of the Next Generation Science Standards (NGSS Lead States,
2013). Teachers should explicitly introduce NOE ideas to their students and students
should have an opportunity to present their experience during engineering design
process (Yesilyurt et al., 2019) similar to the positive effect of explicit NOS instruction
(Abd-El-Khalick & Lederman, 2010). In the present study, significant difference was
presented in NOE views between the students receiving engineering design-based
instruction and others receiving curriculum-based instruction. Moreover, engineering
design-based instruction improved various aspects (demarcation criteria, creativity,
social and cultural embeddedness, engineering design process (EDP), social aspects
of engineering) of the students more than the improvement of curriculum-based
instruction. The results of the present study showed that the students’ views on
demarcation criteria, engineering design process, social and cultural embeddedness,
social aspects of engineering, creativity aspects of NOE receiving engineering design-
based instruction were improved positively. As the results of the study showed that
receiving curriculum-based instruction (CBI) did not have a significant improvement
in students’ views of NOE aspects and also the number of the students showing
inadequate view for various aspects was very critical. Therefore, students’ experiences
in engineering design challenges can help them to have more sophisticated NOE

views.

The results of the study showed that there was no significant effect of engineering
design-based instruction on students’ attitude towards STEM. However, the students
showed improvements in mathematics and 21% century skills, but not showed
improvement in engineering and science disciplines. This could be explained with the

limited length of the study (3 weeks) on attitudinal change because attitudes are not
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easy to be changed. Moreover, attitude may change from subject to subject (Kaynar,
2007). In the present study, the length of the instruction and the students’ lack of
interest towards science and engineering might be factors about not changing attitudes

towards science and engineering sub-dimensions of STEM.
5.3. Implications and Recommendations for Further Studies

In this study, the effects of engineering design-based instruction on 7" grade students’
nature of engineering views and attitudes towards STEM was investigated. In the
science education, nature of science (NOS) is a major research agenda and a crucial
component of scientific literacy. NOS is described as a way of knowing, the
epistemology of science, and the values and beliefs which are constitutional issues for
the development of scientific knowledge (Lederman, 1992). By considering the
similarity between nature of science (NOS) and nature of engineering (NOE), the NOE
framework was developed by adapting NOS research framework for the purpose of
assessing the participants’ NOE views (Deniz et al., 2017) because engineering and
engineering design were emphasized in Next Generation Science Standards (NGSS
Lead States, 2013) and Turkish Science Curricula (MEB, 2017; MEB; 2018). Like
parallelism of NOE and NOS conceptualizations in NGSS, all NOE aspects are similar
to the NOS aspects except engineering design process aspect of NOE. However,
researches exploring the participants NOE views area still rare because of being a new
research area in science education, so there is a need for studies assessing the NOE
views of the participants. Moreover, integration of engineering in curriculum increases
students’ academic achievement, 21 century skills, motivation towards science
learning and attitudes towards STEM (Moore et al., 2015). Therefore, this study was
designed to assess the changes on NOE views and attitudes towards STEM of the 71

grade students after participating engineering design-based instruction.

In the present study, significant difference was presented in NOE views between the
students receiving engineering design-based instruction and others receiving

curriculum-based instruction. Engineering design-based instruction improved various
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aspects of the students more than the improvement of curriculum-based instruction.
However, students’ views on tentativeness and subjectivity aspects of NOE did not
show obstrusive development after engineering design-based instruction. This result
might be explained with limited emphasize on these aspects of NOE through
engineering design-based instruction. On the other hand, significant effect was not
presented in attitudes towards STEM between the students receiving engineering
design-based instruction and others receiving curriculum-based instruction. The
students showed improvements in mathematics and 21% century skills, but not showed
improvement in engineering and science disciplines. This result could be explained
with the limited length of the study (3 weeks) on attitudinal change because attitudes
are not easy to be changed. Therefore, much should be done with long-term
engineering design-based instruction to enhance students’ attitudes towards STEM.
Therefore, this finding might be useful for planning NOE instruction for science
teachers and science teacher educators. The process of the instruction might be
extended, and all aspects of NOE might be emphasized explicitly. Moreover, working
with a mechanical engineer improved the students’ engineering view positively, so
The Ministry of Education might encourage science teachers or educators about

inviting or working with engineers through their science lectures.

There also might be some other factors interfering with the learning process. The
engineering design-based instruction might be taught explicitly in experimental group
while it might be taught implicitly in comparison group in future studies because it
might be more effective to analyze the effect of engineering design-based instruction
among groups. Moreover, the personal characteristics of the students might be
considered in future researches, so the relationships between NOE views and personal
characteristics might be determined. For instance, NOE views and all other variables
(e.g., gender, academic background, motivation, learning styles etc.) can be measured
in both before and after engineering design-based instruction, so it might be
determined whether or not a specific variable influences students’ NOE views.

Besides, the students’ attitudes towards STEM did not change significantly after
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engineering design-based instruction. This also might be caused from the students’
interest on the unit of the subject (Force and Energy unit), so the unit taught with
engineering design-based instruction might be changed with other subjects to assess
students’ attitudes towards STEM in future researches. Moreover, students’ attitudes
towards STEM might be analyzed by considering STEM identity and STEM self-

efficacy in future studies.

Besides, the sample size is an important factor in quantitative studies for
generalizability of the results. Therefore, much more information about attitudes
towards STEM could be gathered by increasing sample size of the size. Moreover, in
collecting qualitative data of study, interview was not used to assess the students’ NOE
views. Therefore, interview may be conducted to explain the changes in NOE aspects

after engineering design-based instruction in future researches.

In conclusion, with the help of the present study, previous and future studies, better
ways to improve learners’ NOE views and attitudes towards stem might be found.
These studies might be useful for science teachers, pre-service science teachers, and

science teacher educators while planning NOE instruction.

141






REFERENCES

Abdi, A. (2014). The effect of inquiry-based learning method on students’ academic
achievement in science course. Universal Journal of Educational Research,
(2)1, 37-41.

Ajaja, O., & Eravwoke, O. (2012). Effects of 5E learning cycle on students'
achievement in biology and chemistry. Cypriot Journal of Educational
Sciences, 7(3), 244-262.

Akerson, V., Morrison, J., & McDuffie, A. (2006). One course is not enough:
Preservice elementary teachers’ retention of improved views of nature of
science. Journal of Research in Science Teaching, 43(2), 194-213.

Akdag, F, T., & Giines, T. (2017). Enerji konusunda yapilan STEM uygulamalart ile
ilgili fen lisesi 6grenci ve 6gretmen gorisleri. International Journal of Social
Sciences and Education Research, 3(5), 1443-1654.

Akgiil, A., Ucar, M.K., Oztiirk, M. M., & Eksi, Z. (2013). Miihendislik egitiminin
iyilestirilmesine yonelik oneriler, gelecegin miihendisleri ve iggiicli analizi.
Siileyman Demirel Universitesi Fen Bilimleri Enstitiisii Dergisi, 17(1). 14-
18.

Altas, S. (2018). Stem egitimi yaklasiminin sinif 6gretmeni adaylarinin miithendislik
tasarim  silireglerine, miihendislik ve teknoloji algilarina etkisinin
incelenmesi. Published Master Dissertation, Mus Alparslan University, Mus,
Turkey.

Apuke, O.D., (2011). Quantitative research methods: A synopsis approach. Arabian
Journal of Business and Management Review (Kuwait Chapter), 6(10). doi:
10.12816/0040336

Arslan, H.O. (2014). The effect of 5E learning cycle instruction on 10th grade
students’ understanding of cell division and reproduction concepts. Published
Doctor of Philosophy Thesis, Middle East Technical University, Ankara,
Turkey.

Asghar, A., Ellington, R., Rice, E., Johnson, F., & Prime, G. M. (2012). Supporting
STEM education in secondary science contexts. Interdisciplinary Journal of
Problem-based Learning, 6(2), 84-125.

Aydin, S. (2019). Fen, teknoloji, mithendislik ve matematik (FeTeMM) yaklasimi ve
FeTemm’e uygun etkinlik hazirlama rehberi. In S. Aydin, & H. Artun (Eds.),
Cagdas yaklasimlarla destekli fen ogretimi: Teoriden uygulamaya etkinlik
ornekleri (pp.2-25), Ankara, Pegem Akademi.

143



Aydin, S., & Artun, H. (2019). Cagdas yaklasimlarla destekli fen ogretimi: teoriden
uygulamaya etkinlik érnekleri. Ankara, Pegem Akademi.

Balka, D. (2011). Standards of mathematical practice and STEM. Stillwater, OK:
School Science and Mathematics Association.

Blalock, C. L., Lichtenstein, M., Owen, S., Pruski, L., Marshall, C., & Toepperwein,
M. (2008). In pursuit of validity: A comprehensive review of science attitude
instruments 1935-2005. International Journal of Science Education, 30(7),
961-977.

Baran, E., Canbazoglu-Bilici, S., & Mesutoglu, C. (2015). Fen, teknoloji, miithendislik
ve matematik (FeTeMM) spotu gelistirme etkinligi. Arastirma Temelli
Etkinlik Dergisi, 5(2), 60-69.

Bell, R.L., Matkins, J.J., & Gansder, B.M. (2011). Impacts of contextual and explicit
instruction on preservice elementary teachers’ understandings of the nature
of science. Journal of Research in Science Teaching, 48, 414-436.

Bilican, K. (2014). Development of pre-service science teachers’ nature of science
views and nature of science instructional planning within a contextualized
explicit reflective approach. Published Master’s thesis, Middle East
Technical University, Ankara, Turkey.

Bozeman, B. (2000). Technology transfer and public policy: A review of research and
theory. Research Policy, 29, 627-655. http://dx.doi.org/10.1016/S0048-
7333(99)00093-1

Bozkurt, E. (2014). Miihendislik tasarim temelli fen egitiminin fen bilgisi 6§retmen
adaylarinin karar verme becerisi, bilimsel siire¢ becerileri ve siirece yonelik
algilarina etkisi. Published Doctor of Philosophy Thesis, Gazi University,
Ankara, Tirkiye.

Brunsell, E. (2012) The engineering design process. In E. Brunsell (Ed.), Integrating
engineering + science in your classroom (3-5). Arlington, Virginia: National
Science Teacher Association [NSTA] Press.

Bybee, R. W. (2010). Advancing STEM education: A 2020 vision. Technology and
Engineering Teacher, 70(1), 30-35.

Cajas, F. (2001). The science/technology interaction: Implications for science literacy.
Journal of Research in Science Teaching, 38(7), 715-729.

Chalmers, A. F. (1999). What is this thing called science? Berkshire: Open University
Press.

Chou, P. & Chen, W. (2017). Elementary school students’ conceptions of engineers:
A drawing analysis study in Taiwan. International Journal of Engineering
Education, 33(1B), 476-488.

144



Chumbley, S.B., Haynes, J.C., & Stofer, K.A. (2015). A measure of students’
motivation to learn science through agricultural stem emphasis. Journal of
Agricultural Education 56(4), 107-122.

Coll, R.C., & Taylor, N. (2012). An international perspective on science curriculum
development and implementation. Second International Handbook of
Science Education, 771-782.

Cotabish, A., Dailey, D., Robinson, A., & Hughes, G. (2013). The effects of a STEM
intervention on elementary students’ science knowledge and skills. School
Science and Mathematics, 113(5), 215-226.

Cunningham, C. M., & Hester, K. (2007). Engineering is elementary: An engineering
and technology curriculum for children. In Proceedings of the 2007 American
Society for Engineering Education Annual Conference & EXxposition.
Honolulu, Hawaii: American Society for Engineering Education

Calik, M. & Ayas, A. (2008). A critical review of the development of the Turkish
science curriculum. In R.K. Coll, & N. Taylor (Eds.), Science education in
context: An international examination of the influence of context on science
curricula development and implementation, (pp.161-174), AW Rotterdam,
The Netherlands.

Cavas, B., Bulut, C., Holbrook, J., & Rannikmae, M. (2013). Fen egitimine
miihendislik odakli bir yaklagim: Engineer projesi ve uygulamalari. Fen
Bilimleri Ogretimi Dergisi, 1(1), 12-22.

Deniz, H., Yesilyurt, E., Kaya, E., & Trabia, M. (2017). The influence of an authentic
engineering design experience on elementary teachers’ nature of engineering
views. Paper presented at the annual meeting of National Association for
Research in Science Teaching, San Antonio, TX.

Dimick, A. S. (2012). Students’ empowerment in an environmental science classroom:
Toward a framework for social justice science education. Science Education,
96, 990-1012.

Dugger, E. W. (2010). Evolution of STEM in the United States. 6th Biennial
International Conference on Technology Education Research. Australia.

English, L. D. (2018). Learning while designing in a fourth grade integrated STEM
problem. International Journal of Technology and Design Education.
https://doi.org/10.1007/s10798-018-9482-z

English, L. D., Hudson, P., & Dawes, L. (2013). Engineering-based problem solving
in the middle school: design and construction with simple machines. Journal
of Pre-College Engineering Education Research (J-PEER), 3(2), Article 5.
https://doi.org/10.7771/2157-9288.1081

145



English, L.D., & King, D.T. (2015). STEM learning through engineering design:
fourth-grade students’ investigations in acrospace. International Journal of
STEM Education 2(14). doi: 10.1186/540594-015-0027-7

English, L. D., King, D. & Smeed, J. (2017). Advancing integrated STEM learning
through engineering design: Sixth-grade students’ design and construction of
earthquake resistant buildings. The Journal of Educational Research, 110(3),
255-271. doi:10.1080/00220671.2016.1264053

Ercan, S. (2014). Fen egitiminde miihendislik uygulamalarinin kullanimi: Tasarim
temelli fen egitimi. Unpublished Doctor of Philosophy Thesis, Marmara
University, Istanbul, Turkey.

Fan, S., & Yu, K. (2017). How an integrative STEM curriculum can benefit students
in engineering design practices. International Journal of Technology and
Design Education, 27, 107-129.

Field, A. (2009). Discovering statistics using SPSS. Washington DC: SAGE.

Felix, A. L., Bandstra, J. Z., & Strosnider, W. H. J. (2010). Design-Based science for
STEM student recruitment and teacher professional development.
Proceedings of the Mid-Atlantic American Society for Engineering
Education Conference.

Franenkel, J. R., & Wallen, N. E. (2006). How to Design and Evaluate Research in
Education, New York, USA: McGrawhill, Inc.

Fraenkel, J. R., Wallen, N. E., & Hyun, H. H. (2012). How to design and evaluate
research in education. New York: McGraw-Hill Humanities/Social
Sciences/Languages.

Fralick, B., Keam, J., Thompson, S., & Lyons, J. (2009). How middle schoolers draw
engineers and scientists. Journal of Science Education and Technology,
18(1), 60-73.

Furner, J. M., & Kumar, D. D. (2007). The mathematics and science integration
argument: A stand for teacher education. Eurasia Journal of Mathematics,
Science & Technology Education, 3(3), 185-189.

Gencer, A. (2015). Fen egitiminde bilim ve miihendislik uygulamasi: Firildak
etkinligi. Arastirma Temelli Etkinlik Dergisi, 5(1), 1-19.

Gezer, 1. (2018). Ortaokul ve imam hatip ortaokulu fen bilimleri ders kitabi 7. Ankara:
Aydin Yaymecilik

Gonzalez, H.B., & Kuenzi, J.J. (2012). Science, technology, engineering, and
mathematics (STEM) education: A primer. Congressional Research Service,
Library of Congress.

146



Guzey, S.S., Moore, T.M., Harwell, M., & Moreno, M. (2016). STEM integration in
middle school life science: Student learning and attitudes. Journal of Science
Education and Technology, 25, 550-560. doi: 10.1007/s10956-016-9612-x

Guzey, S.S., Harwell, M., & Moore, T. (2014). Development of an instrument to
assess attitudes toward science, technology, engineering, and mathematics
(STEM). School Science and Mathematics, 115(6).
https://doi.org/10.1111/ssm.12077

Giilhan, F., & Sahin, F, (2016). Fen-teknoloji-miihendislikmatematik
entegrasyonunun (STEM) 5. Sinif 6grencilerinin bu alanlarla ilgili alg1 ve
tutumlarina etkisi. International Journal of Human Sciences, 13(1).

Hacioglu, Y., Yamak, H., & Kavak, N. (2016). Miihendislik tasarim temelli fen
egitimi ile ilgili dgretmen goriisleri. Bartin Universitesi Egitim Fakiiltesi
Dergisi, 807-830, Ekim 2016.

Hernandez, P. R., Bodin, R., Elliott, J. W., Ibrahim, B., Rambo-Hernandez, K. E.,
Chen, T. W., & de Miranda, M. A. (2014). Connecting the STEM dots:
measuring the effect of an integrated engineering design intervention.
International Journal of Technology and Design Education, 24(1), 107-120.

Hoffman, L., & Haussler, P. (1998). An intervention project promoting boys’ and
girls’ interest in physics. In L. Hoffman, A. Krapp, K.A. Renninger, & J.
Baumert (Eds.), Interest and learning: Proceeding of the seeon conference
on interest and gender (pp.301-316) Kiel, Germany:IPN

Householder, D. L., & Hailey, C. E. (2012). Incorporating engineering design
challenges into STEM courses. NCETE Publications. (Paper 166).

Hynes, M., Portsmore, M., Dare, E., Milto, E., Rogers, C., & Hammer, D. (2011).
Infusing engineering design into high school STEM courses.

Karatay, R., Timur, S., & Timur, B. (2013). 2005 Ve"2013 yili fen dersi 6gretim
programlarinin karsilastirilmasi. Adiyaman Universitesi Sosyal Bilimler
Enstitiisii Dergisi, 15(6).

Kaynar, D. (2007). The effect of SE learning cycle approach on sixth grade students’
understanding of cell concept, attitude toward science and scientific
epistemological beliefs. Published Master Dissertation, Middle Technical
University, Ankara, Turkey.

Khan, L.A. (2015). What is mathematics - an overview. International Journal of
Mathematics and Computational Science, 1(3), 98-101.

Khalil, N.M., & Osman, K. (2017). STEM-21CS module: Fostering 21st century skills
through integrated STEM. K-12 STEM Education, 3(3), 225-233.

147



Knight, M., & Cunningham, C. (2004). Draw an engineer test (DAET): Development
of atool to investigate students' ideas about engineers and engineering. ASEE
Annual Conference Proceedings.

Kolodner, J. L. (2002). Facilitating the learning of design practices: Lessons learned
from an inquiry into science education. Journal of Industrial Teacher
Education, 39(3), 9-40.

Krynowsky, B. A. (1988). Problems in assessing student attitude in science education:
A partial solution. Science Education, 72, 575-584.

Lan, P., & Young, S. (1996). International technology transfer examined at technology
component level: A case study in china. Technovation, 16(6), 277-286.
http://dx.doi.org/10.1016/0166-4972(96)00005-3

Lederman, N. G. (1992). Students’ and teachers’ conceptions of the nature of science:
A review of the research. Journal of Research in Science Teaching, 29(4),
331-359.

Lederman, N.G., Abd-El-Khalick, F., Bell, R.L., & Schwartz, R.S. (2002). Views of
nature of science questionnaire: Toward valid and meaningful assessment of
learners’ conceptions of nature of science. J Res Sci Teach, 39(6), 497-521.

Mahoney, M.P. (2010). Students' attitudes toward STEM: Development of an
instrument for high school STEM-based programs. Journal of Technology
Studies, 36(1), 24-34.

Marulcu, 1., & Barnett, M. (2015). Impact of an engineering design-based curriculum
compared to an inquiry-based curriculum on fifth graders’ content learning
of simple machines. Research in Science & Technological Education. doi:
10.1080/02635143.2015.1077327

McComas, W.F., Clough, M.P., & Almazroa, H. (1998). The role and characteristics
of the nature of science in science education. Science & Education, 7(6), 511-
532.

McDonald, C.V. (2016). STEM education: A review of the contribution of the
disciplines of science, technology, engineering and mathematics. Science
Education International 27(4), 530-569.

Milli Egitim Bakanlig (2005). Ilk6gretim fen ve teknoloji dersi 6gretim programu.
Ankara: MEB Yayinevi

Milli Egitim Bakanlig1 (2013). Ilkdgretim kurumlari (ilkokullar ve ortaokullar) fen
bilimleri dersi 6gretim programi. Ankara: MEB Yaymevi

Milli Egitim Bakanligi (2016a). Milli Egitim Bakanlig1, yenilik ve egitim teknolojileri
genel midurligii. Retrieved from

148



http://yegitek.meb.gov.tr/meb_iys_dosyalar/2016 _ 978-975-11-3989-4.
STEM-fenteknoloji-miihendislik-matematik-egitim-raporu pdf.

Milli Egitim Bakanligi (2017). Fen bilimleri dersi 6gretim programi (ilkokul ve
ortaokul 3, 4, 5, 6, 7 ve 8. smiflar). Ankara: MEB Yaymevi

Milli Egitim Bakanligi (2018). fen bilimleri dersi 6gretim programi (ilkokul ve
ortaokul 3, 4, 5, 6, 7 ve 8. siiflar). Ankara: MEB Yayinevi

Meng, C.C., Idris, N., & Eu, L.K. (2014). Secondary students’ perceptions of
assessments in science, technology, engineering, and mathematics (STEM).
Eurasia Journal of Mathematics, Science & Technology Education
(EURASIA), 10(3), 219-227.

Mentzer, N. (2011). High school engineering and technology education integration
through design challenges. Journal of STEM Teacher Education, 48(2), 103-
136.

Miaoulis, 1. (2009). Engineering the K-12 curriculum for technological innovation.
IEEE-USA Today’s Engineer Online.

Moore, T. J., Tank, K. M., Glancy, A. W., & Kersten, J. A. (2015). NGSS and the
landscape of engineering in K-12 state science standards. Journal of
Research in Science Teaching, 52(3), 296-318.

Moore, R., & Sutman, F. (1970). The development, field test and validation of an
inventory of scientific attitudes. Journal of Research in Science Teaching, 7,
85-94.

Nargund-Joshi, V., Liu, X., Chowdhary, B., Grant, B., & Smith, E. (2013).
Understanding meanings of interdisciplinary science inquiry in an era of next
generation science standards. National Association for Research in Science
Teaching, Rio Grande, Puerto Rico.

National Academy of Engineering [NAE] (2010). Standards for K-12 engineering
education? Washington, DC: National Academies Press.

National Academy of Engineering. (n.d.). Toward integrated STEM education:
Developing research agenda. National Grid accessed March 29
http://www.nationalgrid.com/uk/Community/EOF/

National Academy of Engineering & National Research Council (2009). Engineering
in K-12 education understanding the status and improving the prospects. Edt.
Katehi, L., Pearson, G., & Feder, M., Washington, DC: National Academies
Press.

National Academy of Engineering and National Research Council (2014). STEM
integration in K-12 education: status, prospects, and an agenda for research.
The National Academies Press, Washington.

149



National Research Council (2009). Engineering in K-12 education: understanding the
status and improving the prospects. Washington, The National Academies
Press,

National Research Council (2012). A framework for K-12 science education:
Practices, crosscutting concepts, and core ideas. Washington, DC: National
Academies Press.

Olivarez, N. (2012). The impact of a STEM program on academic achievement of
eighth grade students in a South Texas middle school. Published Doctor of
Philosophy Thesis, Texas A & M University, Corpus Christi, Texas.

Osborne JF, Simon S, Collins S (2003) Attitudes towards science: review of the
literature and its implications. International Journal of Science Education,
25(9), 1049-1079.

Oz, B. (2007). 2001 ilkdgretim fen bilgisi dersi ve 2005 ilkdgretim fen ve teknoloji
dersi programlarina iligkin 6gretmen goriisleri. Unpublished Master’s Thesis,
Cukurova University, Adana, Turkey.

Ozcan, H. & Koca, E. (2019). The impact of teaching the subject “pressure” with
STEM approach on the academic achievements of the secondary school 7th
grade students and their attitudes towards STEM. Education and Science,
44(198), 201-227.

Pallant, J. (2010). SPSS survival manual: a step by step guide to data analysis using
SPSS. Maidenhead: Open University Press/McGraw-Hill.

Pekbay, C. (2017). Fen, teknoloji mithendislik ve matematik etkinliklerinin ortaokul
ogrencileri tizerindeki etkileri. Published Doctoral Thesis, Hacettepe
University, Ankara, Turkey.

Petroski, H. (1996). Invention by design: How engineers get from thought to thing.
Cambridge, MA: Harvard University Press.

Popa, R.A. & Ciascai, L. (2017). Students’ attitude towards STEM education. Acta
Didactica Napocensia, 10(4).

Purzer, S., Goldstein, M. H., Adams, R. S., Xie, C., & Nourian, S. (2015). An
exploratory study of informed engineering design behaviors associated with
scientific explanations. International Journal of STEM Education, 2(9).
doi:10.1186/s40594-015-0019-7

Roberts, A. (2012). A justification for STEM education. Technology and Engineering
Teacher, 71(8), 1-4.

Roth, W. (2001). Learning science through technological design. Journal of Research
in Science Teaching, 38(7), 768-790.

150



Sanders, M. (2009). STEM, STEM education, STEMmania. The Technology Teacher,
68(4), 20-26.

Schunk, D. H., Pintrich, P. R., & Meese, J. L. (2008). Motivation in education. (3rd
ed.). Upper Saddle River, NJ: Pearson.

Seyyedrezaie, S. H., & Barani G. (2013). Constructivism and curriculum
development. International Journal of Basic Sciences & Applied Research,
2(1), 62-67.

Stohlmann, M., Moore, T. J., & Roehrig, G. H. (2102). Considerations for teaching
integrated STEM education. Journal of Pre-College Engineering Education
Research, 2(1), 28-34.

Sahin, A. Ayar, M.C., & Adiguzel, T., (2014). STEM related after-school program
activities and associated outcomes on student learning. Educational Sciences.
Theory & Practice, 14(1), 309-322.

Sentiirk, C., & Aydogmus, M. (2017). Comparison of Turkish elementary school
science curriculum: 2005-2013-2017. International Journal of Modern
Education Studies, 1(1), 46-57.

Tayal, S.P. (2013). Engineering design process. International Journal of Computer
Science and Communication Engineering IJCSCE Special issue on “Recent
Advances in Engineering & Technology” NCRAET-2013, 1(5).

Tati, T., Firman, H., &Riandi, R. (2017). The effect of STEM learning through the
project of designing boat model toward student stem literacy. Journal of
Physics: Conference Series, 895. doi :10.1088/1742-6596/895/1/012157

Ugras, M. (2018). The effect of STEM activities on STEM attitudes, scientific
creativity and motivation beliefs of the students and their views on STEM
education. International Online Journal of Educational Sciences, 10(5), 165-
182.

Wendell, K. B., Connolly, K. G., Wright, C. G., Jarvin, L., Rogers, C., Barnett, M., &
Marulcu, 1. (2010). Incorporating engineering design into elementary school
science curricula. American Society for Engineering Education Annual
Conference & Exposition, Louisville, KY.

Wicklein, R. (2003). Five good reasons for engineering as the focus for technology
education. University of Georgia, Athens.

Williams, C. (2011). Research methods. Journal of Business & Economics Research
(JBER), 5(3).

Yamak, H., Bulut, N., & Diindar, S. (2014). 5. Siif 6grencilerinin bilimsel siireg
becerileri ile fene kars1 tutumlarina FeTeMM etkinliklerinin etkisi. GEFAD/
GUJGEF, 34(2), 249-26.

151



Yesilyurt, E., Deniz, H., & Kaya, E. (2019). Improving upper elementary students’
nature of engineering views with an engineering design experience. Paper
presented at the annual meeting of the Association for Science Teacher
Education (ASTE). Savannah, Georgia.

Yildirim, B., & Altun, Y., (2014). STEM egitimi {izerine derleme g¢alismasi: Fen
bilimleri alaninda 6rnek ders uygulamalari. VI. International Congress of
Education Research, Hacettepe University, Ankara.

Yildirim, B. (2018). Teoriden pratige STEM egitimi. Istanbul: Nobel Bilimsel Esetler.

Yildirim, B., & Altun, Y., (2015). Investigating the effect of STEM education and
engineering applications on science laboratory lectures. El-Cezeri Journal of
Science and Engineering, 2(2), 28-40.

Yildirim, B., & Selvi, M. (2015). Adaptation of STEM attitude scale to turkish.
International Periodical for the Languages, Literature and History of
Turkish or Turkic, 10(3).

Yildinim, B., & Selvi, M. (2017). An experimental research on effects of STEM
applications and mastery learning. Journal of Theory and Practice in
Education, 13(2), 183-210.

Yildirim, B. & Tiirk, C., (2018). STEM uygulamalarinin kiz &grencilerin STEM tutum
ve mithendislik algilarina etkisi. Adiyaman Universitesi Sosyal Bilimler
Enstitiisti Dergisi, 10(30).

Yilmaz, H., & Cavas, P.H. (2007). Reliability and validity study of the students’
motivation toward science learning (SMTSL) Questionnaire. Elementary
Education Online, 6(3), 430-440.

152



APPENDICES

APPENDIX-A

o\""“'." T.C.

3 % ANKARA VALILIGi

k j Milli Egitim Miidiirliigi

Say1 : 14588481-605.99-E.25292099

31.12.2018
Konu : Arastirma izni

ORTA DOGU TEKNIK UNiVERSITESINE
(Ogrenci Isleri Daire Bagkanlign)

flgi: a) MEB Yenilik ve Egitim Teknolojileri Genel Miidiirliigiiniin 2017/25 nolu Genelgesi.
b) 28/11/2018 tarihli ve 59 sayili yazimz.

Universiteniz Egitim Fakiiltesi Yiiksek Lisans Ogrencisi Berna AYDOGAN'
"Miihendislik tasarim temelli etkinliklerin 7. simf dgrencilerinin miihendisligin dogasina
iligkin goriisleri, STEM' e karsi tutumlar1 ve fen 63renmeye yonelik motivasyonlari
iizerine etkisi' konulu tez ¢alismasi kapsaminda uygulama yapma talebi Miidiirligiimiizce
uygun goriilmii§ ve uygulamanin yapilacag flge Milli Egitim Miidiirligiine bilgi verilmistir.

Uygulama formunun (54 sayfa) aragtirmaci tarafindan uygulama yapilacak sayida

¢ogaltilmas ve ¢alismanin bitiminde bir 6rneginin (cd ortaminda) Miidiirliigiimiiz Strateji
Gelistirme Subesine gonderilmesini rica ederim.

Turan AKPINAR
Vali a.
Milli Egitim Midiirii

Adres: Emniyet Mah. Alparslan Tirkes Cad. 4/A Yenimahalle Bilgi igin: Emine KONUK
Elektronik Ag: ankara.meb.gov.r

Tel: 0(312)21236 00
e-posta: istatistik06@@meb.gov.tr

Faks: 0(__ )

Bu evrak gavenli elektronik imza ile meb.gov.tr e2ef-9e91-3210-bf09-c122 kodu ile teyit edilebilir

153



APPENDIX-B

MUHENDISLiGIN DOGASINA YONELIK GORUSLER; ILKOGRETIM

VERSIYONU (MDYG)

Ad Soyad:

Smif Seviyesi:

Tarih:

Aciklamalar

o Liitfen asagidaki her soruyu cevaplayiniz. Sorulart cevaplamak icin her soru altinda
bulunan boliimii ve sayfanun arka yiiziinii kullanabilirsiniz.

o Asagidaki bazi sorular birden fazla boliim icermektedir, bu nedenle liitfen her boliim
igin cevap verdiginizden emin olunuz.

e Bu bir test ya da sinav degildir, ve notlandirilmayacaktir. Asagidaki her sorunun
“dogru” ya da “yanlis” cevabi yoktur, sadece her soru hakkindaki fikir ve goriisleriniz
ile ilginilmektedir.

e Ihtiya¢ duyulursa fikirlerinizi aciklamak adina ¢izim yapabilirsiniz.

1. Biiyiidiiglin zaman ne tiir bir meslek/meslekler sahibi olmak istersin?

2. Miihendislik nedir? Miihendisler ne is yapar?
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Biiyliylince miihendis olmay1 hi¢ diisiindiin mii? Cevabin evet ise “Evet”, hayir is

“Hay1r” yanitini igaretleyerek liitfen sebebini agikla.

Q Evet, miihendis olmay diisiinmemin sebebi

Q Hayir, miihendis olmay diigiinmememin sebebi

Liitfen bir miihendisi ¢alisma ortaminda hayal edin ve hayalinizdeki bu miihendisi

asagidaki kutuya ¢izin
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Liitfen kisa ciimlelerle ¢izmis oldugun miihensis hakkinda bilgi ver.

o (lizdiginiz miihendisin ¢alisma ortami nasil?

o (lizdiginiz miihendis hangi alanda ¢alisiyor?

o (izdiginiz miihendis ¢izimde ne yapiyor?

5. (a) Ogrenmis ya da dgrenmekte oldugun diger meslekler neler?

(b) Miihendislik diger mesleklerden hangi agidan farklidir?

6. Daha 6nce “miihendislik tasarim siireci” ifadesini duydun mu?
O Evet
Q Haywr

Cevabin “Evet” ise, “miihendislik tasarim siireci” sana ne/neler ifade ediyor?
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Miihendislik her zaman insanlarin problemleri i¢in ¢6zliim bulma arayisindadir.

Miihendislerin iirettigi bu ¢ozlimlerin gelecekte degisecegini diisiiniiyor musun?

Miihendisler ¢alisma ortaminda yaraticilik ve hayal gii¢lerini kullanirlar m1?

Q Evet, kullanirlar ¢iinkii

Q Haywr, kullanmaziar ¢iinkii

"Orta Amerika ve Karayipler'de cografi konumlarindan dolay1 ¢ok siddetli kasirga ya
da riizgarlar meydana gelmektedir. Bu nedenle bir¢ok bina biiylik hasar gérmekte hatta
yikilmaktadir. Bu nedenle binalarin yikilmamasi ya da daha az hasar gérmesi i¢in daha

saglam yap1 ve tasarima ihtiya¢ vardir."
Karsilagilan bu sorunu ¢6zmek icin birden fazla miihendisten "Kasirga Kulesi"

tasarlamalar1 isteniyor. Tasarim siiresi sonunda her miihendisin tasarimlar

degerlendirildiginde “en 1yi” ve "tek tip" tasarim var midir?

Q Evet, ciinkii

Q Hayrr, ¢iinkii
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10. Miihendislik tasarim ¢oziimleri (Ornegin; mesrubat icecegi kiracagi, kopriiler,

bilgisayarlar vs.) nasil hayatimizi etkiler?

11. Miihendisler nasil ¢alisirlar? Yalniz olarak mi1 yoksa grup halinde mi?
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APPENDIX-C

DESCRIPTIONS OF NATURE OF ENGINEERING (NOE) ASPECTS

NOE Aspect

Description

Demarcation
criteria (What
is
engineering?
What makes
engineering
different from
other

disciplines?)

Engineering

design process

Engineering is systematically engaging in the practice of
design to achieve solutions for specific problems.
Engineers apply their understanding of the natural world
(scientific knowledge) to design solutions for real world

problems. This endeavor results in new technologies.

In the K-12 context, “science” is generally taken to mean
the traditional natural sciences: physics, chemistry,
biology, and (more recently) earth, space, and
environmental sciences. ..

We use the term “engineering” in a very broad sense to
mean any engagement in a systematic practice of design
achieve solutions to particular human problems. Likewise,
we broadly use the term “technology to include all types
of human-made systems and processes-not in the limited
sense often in schools that equates technology with
modern computational and communications devices.
Technologies result when engineers apply their
understanding of natural world and of human behavior to
design ways to satisfy human needs and wants. (NRC,
2012, pp. 11-12)

The core idea of engineering design includes three
component ideas (NGSS Lead States, 2013): Define,

Design, and Optimize
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A. Define: Defining and delimiting engineering problems
involves stating the problem to be solved as clearly as
possible in terms of criteria for success and constraints or
limits.

B. Design: Designing solutions to engineering problems
begin with generating a number of possible solutions.
These potential solutions are then evaluated to assess
which ones best meet the criteria and constraints of the
problem.

C. Optimize: Optimizing the design solution involves a
process in which solutions are systematically tested and
refined and the final design is improved by trading off

less important features for those that are more important.

Empirical Engineers optimize their design solutions and compare
basis alternative solutions based on evidence obtained from test
data. They use assumptions to produce simplified models
that does not contain the variables that the problem are

insensitive to.

Tentativeness Phases of engineering design process do not always follow
in order, any more than do the “steps” of scientific inquiry.
At any phase, a problem solver can redefine the problem
or generate new solutions to replace an idea that is just not

working out.

Creativity Creativity and imagination of engineers play a major role
during the engineering design process. The role of
creativity and imagination is not limited to any specific

phase of the engineering design process.
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Subjectivity There is no unique solution to an engineering design
problem. While there can be many solutions to the same
problem, some of these solutions may be more suited to

meet the criteria and constraints of the problem.

Social aspects Engineering is not a solitary pursuit. Engineering design
of engineering solutions are constructed through social negotiation.
Despite their individual differences, members of an
engineering community share common understandings,
traditions, and values. This social dimension enhances the

quality of engineering design solutions.

Social and Engineering is a human activity. There is a continued
cultural interaction between engineering and society. Sociocultural
embeddedness factors influence the engineering design process, and in

turn, engineering influences the society. These social and
cultural factors include social composition, religion,

worldview, political, and economic factors.

A 5-point scale

13.

14.

15.

16.

17.

No answer, incomprehensible or irrelevant answer, or an answer could not be categorized
= 0 points;

An answer that is not aligned with the description of NOE aspect = 1 point;

An answer that is partially aligned with the description of NOE aspect = 2 points;

An answer that is fully aligned with the description of NOE aspect = 3 points;

An answer that is fully aligned with the description of NOE aspect. The view is well-

articulated and/supported with relevant example(s) = 4 points.
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APPENDIX-D

ORTAOKUL OGRENCILERININ STEM'E (S-STEM) KARSI TUTUMU

Ad Soyad:

Simf:

Sevgili dgrenciler,

Bu 6l¢ek sizin Fen Bilimleri dersine yonelik STEM’e iliskin diistincelerinizi belirlemek amaciyla gelistirilmistir. Burada
belirteceginiz goriisler yalmzca arastirma amaciyla kullamlacak ve sonuglar tiim grubun yamtlar1 gdz oOniine alinarak
degerlendirilecektir. Bu aragtirmanin giivenirligi i¢in gergek diisiincelerinizi belirtmeniz 6zel bir 6nem tagimaktadir. Liitfen
hicbir maddeyi bos birakmayimmz ve her biri icin tek yanit veriniz. Vereceginiz bu yanitlar bilimsel bir
calisma icin kullanilacak ve baska kisiler ile paylasilmayacaktir.

Bu ¢alismaya yaptiginiz katkilardan dolay: tesekkiir ederim.

Yonerge: Asagidaki sayfalarda ifadelere dair listeler bulunmaktadir. Liitfen kendinizi her bir ifade ile ilgili nasil
hissettiginizi cevap kagidi tizerinde igaretleyerek belirtin.

Ornegin:
g £
El = = £ £
%5 s | S : EE
o = =3 Iz =4 = o
Ornek 1: = = H] 2 c 2z
7 E E £ = [8%F
Y = = S = v =
F|E| 2| & pE
Miihendisligi seviyorum. O @] O O O

Ciimleyi okuyunca buna katilip katilmadiginizi bileceksiniz. Bu ifadeye ne oOlgiide katildiginizi tanimlayan yuvarlagi
isaretleyin. Baz1 ifadeler birbirine ¢ok benziyor olsa da liitfen biitiin ifadeler igin ilgili cevabi isaretleyin. Bu segeneklerin
isaretlenmesi zaman agisindan dlgiilmemektedir; hizli ancak dikkatli bir sekilde galigin.

Higbir sekilde "yanlis" ya da "dogru" cevap segenekleri soz konusu degildir! Tek dogru yamt sizin i¢in dogru olan yanuttir.
Miimkiin oldugu noktada sizin baginiz gelmis olabilecek durumlarin sizin tercihte bulunmaniza yardim etmesine izin verin.
Liitfen her soru icin bir cevabi isaretleyin.

MATEMATIK

£ £
= = £ £
» 8 s E = o B
x z = ) s x5
tE|E |zl 2|22
28|55 |:| 5|85
Y M4 X Xl M| X~
1. Matematik benim en kotii oldugum derstir. e} ololo]lo
2. Matematigin kullanildig1 bir kariyeri segmeyi diisiinebilirim. e} olololo
3. Matematik benim i¢in zor. O oflojlolo
4. Matematikte basarili olabilecek bir 6grenciyim. @) olololo
5. Birgok dersle basa ¢ikabilirim ancak matematikle basa ¢ikamiyorum. e} olololo
6. Matematik konusunda ileri seviyede caligmalar yapabilecegimden eminim. e} olololo
7. Matematikte iyi notlar alabilirim. @) olololo
8. Matematikte iyiyim. e} olololo
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FEN

Katilmiyorum

Katillyorum

—

. Fen ile ilgilenirken kendimden emin davraniyorum.

[\S)

. Fen {izerine bir kariyer yapmayi diisiinebilirim.

. Okuldan mezun oldugumda fen’i kullanmay1 umut ediyorum.

. Fen konusunda bilgili olmam benim hayatimi kazanmama yardim edecek.

. Gelecekteki ¢aligmalarim igin fene ihtiyacim olacak.

. Fen konusunda bagarili olabilecegimi biliyorum.

. Hayatimdaki ¢aligmalarda, fen benim i¢in dnemli olacak.

. Birgok dersle basa ¢ikabilirim ancak fenle basa ¢ikamiyorum.

Of o 2] ] vl B~ W

. Fen konusunda ileri seviyede ¢aligmalar yapabilecegimden eminim.

OO Q] O1O10O10O] O O Kesinlikle

QlololClOol ool O] ©] Katlmiyorum

ClLO|IO1QC1O10]10O] O O] Kararsizm

OO0l Ol C1O1C]C] ©] ©] Katihyorum

ClO1O1C1O] OO Of O] Kesinlikle

MUHENDISLIK

Kesinlikle

Katilmiyorum

Katiliyorum

1. Yeni iiriinlerin tiretildigini hayal etmek hosuma gidiyor.

2. Miihendisligi Ogrenirsem, insanlarin giinlik yasamlarinda kullandigi

gelistirebilirim.

seyleri

ol o

O | O] Katilmiyorum

O | O] Kararsizim

O | O] Katihyorum

O | O Kaesinlikle

3. Bir seyleri olusturmak ve onlar1 tamir etmekte iyiyim.

4. Makinelerin nasil ¢aligtigi ile ilgiliyim.

5. Uriinler veya yapilar tasarlamak gelecekteki calismalarim igin 6nemli olacak.

6. Elektronik esyalarin nasil ¢caligtigi konusunda meraklryim.

7. Yaraticilik ve yeniligi gelecekteki ¢aligmalarinda kullanmak isterim.

8. Matematik ve Fen’i birlikte nasil kullanacagimi bilmek bana kullanish seyler icat etme

sans1 tantyacak.

ojojojojofo

ojojojojofo

ojojojojofo

ojolocjojofo

ojojojojofo

9. Miihendislik konusunda basarili bir kariyere sahip olabilecegime inantyorum

O

O

O

O

o
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21. YOZYILIN YETENEKLERI

1 P B e
- R R
cE|El: |2 |:22
1. Diger bireylere bir hedefe ulagmalarinda liderlik edebilecegim konusunda kendime o) olololo
gliveniyorum.
2. Diger bireyleri ellerinden gelenin en iyisini yapmalari igin cesaretlendirebilecegime o) olololo
inantyorum.
3. Yiiksek kalitede caligmalar yapabilecegimden eminim. o) olololo
4. Akranlarimin farkliliklarma kars1 saygili davranacagimdan eminim. o) olololo
5. Akranlarima yardim edebilecegime eminim. o) oclololo
6. Karar verirken baskalarmin goriislerini géz 6niine alacagimdan eminim o) olololo
7. Isler planlandig1 gibi gitmediginde degisiklikler yapabilecegimden eminim. o) oclololo
8. Kendi 6grenme hedeflerimi belirleyebilecegime inantyorum. (o) olololo
9. Kendi basima ¢alisirken zamanimi akillica yonetebilecegimden eminim. o) ololo 1o
10. Yapmam gereken gorevler oldugunda hangilerinin 6nce yapilmalar1 gerektigini le) ololo o
secebilirim.
11. Farkl altyapilara sahip olan dgrencilerle iyi bir sekilde ¢alisabilecegimden eminim. @) olojlo 1o
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APPENDIX-E

MUHENDISLIGIN
DOGAS

Berna AYDOGAN

Muhendislik
nedir?
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insanlarnin her tiirli ihtiyacini karsilamaya dayal cesitli
gozamler Greten, teknik ve sosyal alanlarda
uzmanlasmis ve belli bir egitim gérmis kimseye
mihendis denir.

Bilim insanlanmin drettigi teorik bilgiyi pratik bilgiye
déniistdrir.

Matematik ve geometri temeline yerlesir.

Muhendislik
aranleri
nelerdir?
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Muhendis olmak
ister misin?

Muhendis olmak;

Dustnmeyi

Yaratici olmayi

Olaylara sistematik olarak bakmayi
Parcalan birlestirip batina gérebilmeyi
Neden sonug iligkilerini kurabilmeyi

Bakis acisini degistirmeyi

Ucak Muhendisligi (Havacilik ve Uzay Muhendisligi)
Kimya ve Biyoloji MUhendisligi

|®| Insaat Muhendisligi
Makine Muhendisligi

Cevre Mahendisligi

@ Biyomedikal Mahendisligi
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PROBLEME

Muhendislik Tasarim Sureci
YONELIK OLASD

COZUMLERT

1. Problem Tespiti:

Yasamlarindaki ya da cevrelerindeki
sorunlari tespit eder ve listelerler.

Degistirmeyi, gelistirmeyi , farklilastirmayi
dusunduakleriniz ve ¢ozum bekleyen
sorunlariniz nelerdir ?

2. Probleme YOnelik Olasi Cozamleri
Arastirma
Daha onceden yapilmis olan ve benzer

sorunlar i¢in bulunmus ¢ozumleri ve
tasarimlar arastirirlar.
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3.En lyi Cozim

Bulunan ¢c6zamler arasindan uygun cozim secilerek
nasil gerceklestirecegi ve kullanilacak arac - gerec ve
malzemeleri, yontem teknikleri belirlerler.

Arastirma sonuclarn dikkate alarak tasanmin yapim
resmini gizerler.

4. Model Tasarimi
En iyi c6zim ya da tasarima yonelik yapim asamasidir.

Kullaniimasi uygun gorilen malzemeler ile planlanan
tasanm uc boyutlu sekilde yapilir.

5 TestE Gelisti
Yapim asamasi bitmis olan tasarimi test ederler.

Sorun ¢ozamlendi mi?, ihtiyaci karsiliyor mu?, Benzer
urtinlere gore zayif ve ustan yanlari var mi ?, Hangi
ozelliklerin degistirilmeye ihtiyaci var?

Bir girket bazi personellerini ig toplantilar igin
surekli yurtdigi seyahatine gondermektedir.
Fakat son zamanlarda hem ucak bileti
fiyatlarindan hem de biletlerin cabuk
tikenmesinden dolayi ciddi sorunlar

yagamaktadir.
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1 Problem Tespiti

Ugak bileti fiyatlarindaki artis ve ucaklardaki doluluk oranlarindan dolayr sikinti
yasayan personeller

2. Probleme Yénelik Olasi Gozamleri Arastirma

m licak biletlen belli bir siire 6ncesinde satin alinabilir.

m  Belli bir havayolu sirketi ile anlagsma imzalanabilir.

m  Hem ekonomik hem de zamandan tasarruf saglayan bir ucak tasarlanabilir.

3. En Iyi Cozi

< @a » Hem ekonomik hem de zamandan tasarruf saglayan bir ugak

i/‘?\q{ tasarlanabilir.

m Hangi alanda calisan miihendise ihtiyac olabilir?

Ucak Mihendisligi
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4_Model Tasanmi

Kilig Balig:

5. Test Etme ve Gelistirme
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Muhendislik tasarim sureci basamaklar
sirali midir yoksa degisebilir mi?

m MUhendislik tasarim slUreci basamaklari belirli bir sira
halinde degildir.

m Herhangi bir basamakta problemi yeniden belirleyebilir ve
yeni ¢cozumler uretebilir.

I Sizce kopriler neden farkl

tasarimlara sahiptir?
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] Muhendnsrk tasarim su

= Belirlen , jen

in sinirhilik
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Tesekkirler ©
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APPENDIX-F

STEM ANALYSIS CRITERIA

redesign step?

The Activity Yes Partially No
. Does the activity include a daily life prolem? If yes; X
o |s it an interesting problem for the students? X
o s it familiar and understandable for the students? X
. Does the activity include integration of one or more than one X

disciplines of STEM? If yes;

e Does it include engineering design homework? X

e Does it make connection with mathematics concepts? X

o |s it appropriate for technology use? X

. Is the activity student-centered? If yes; X

o Does it give an opportunity to the students about making X
their own searches?

o Does it enable the students to present scientific questions X
when the students design?

e Does it avoid direction (choosing materials, design X
process etc.) when the students design?

. Does the activity have the characteristics of project, problem X
and inquiry-based learning approaches? If yes;

e Does it provide an opportunity to the students to study on X
a problem or project?

e Does it provide an opportunity to the students to X
hypothesize and to design a project or process based on
their hypothesis?

e Does it allow the students for creativity, thinking and X
inquiry skill, cooperative learning, designing and
innovation?

e Do the students present their designs (a project or X
process) by verbally or a poster?

. Does the activity provide an opportunity to the students to X
work in small groups and group communication?

. Does the activity provide an opportunity to the students to X
redesign their designs?

e Does it ask the students what and why they change in X
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7. Does the activity provide an opportunity to evaluate the
design based on criteria (cost, time, availability of materials
etc.)? If yes;

Does it present a rubric to evaluate the design in
intergroup?

Did the criteria in the rubric be presented to the students
at the beginning of the activity?
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APPENDIX-G

“KULE TASARIMI” DERS PLANI
Sinif Seviyesi: 7. Sinif
Unite: 7.3 Kuvvet ve Enerji / Fiziksel Olaylar
Konu: 7.3.2. Kuvvet, Is ve Enerji iliskisi
On Bilgiler: Ogrenciler;

e Kuvvetin tanimi ve birimi (F.4.3.1. Kuvvetin Cisimler Uzerindeki Etkileri/ F.5.3.1.
Kuvvetin Olciilmesi)

e Siirtlinme Kuvveti (F.5.3.2. Siirtiinme Kuvveti)

e Kiitle ve Agirhik (F.7.3.1. Kiitle ve Agirlik Iliskisi)

e Kinetik enerji, ¢ekim potansiyel enerjisi, esneklik potansiyel enerjisi (F.7.3.2. Kuvvet,

Is ve Enerji Iliskisi)
Kazanimlar

F.7.3.2.1. Enerjiyi is kavrami ile iliskilendirerek, kinetik ve potansiyel enerji olarak

siniflandirir.

F.7.3.2.2. Kinetik ve potansiyel enerji ile iliskilendiren probleme (topun yere en biiyiik hizla
ulagmasini saglayan en saglam ve en az maliyetli kule insa etmek) yonelik ti¢c boyutlu

bir proje tasarlar.

F.7.3.2.3. Miihendisligin dogasi yonlerini (miihendislik tasarim siireci, miithendislik kriterleri
(demarcation criteria), yaraticilik (creativity), gecicilik (tentativeness), Oznellik

(subjectivity)) agiklar.
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Kullanilacak Materyal ve Teknoloji Destekleri

e Bilgisayar ve projeksiyon cihazi, ya da akilli tahta : Konu ile ilgili hazirlanmis slayti
ogrencilere gostererek dersin takibini kolaylastirmak ve proje tasarimi sirasinda
Ogrencilere zaman yonetiminde kolaylik saglayan zamanlayiciy1 gosterebilmek igin
kullanilir.

o Konu ile ilgili hazirlanmis slayt (https://prezi.com/pui_cnzbd8wd/kasirga-kulesi-
tasarimi/): Hem 6gretmen hem de 6grenciler igin ders takibini kolaylastiran slayt, konu
ile ilgili bir problem, konu ile ilgili video, proje tasarimi i¢in gerekli materyallerin listesi,
zamanlayici ve olasi projelerin gorsellerini igermektedir.

e Simiilasyon (https://www.fenehli.com/enerji-donusumleri-simulasyonlari/) : Ogretmen,

kinetik enerji ve potansiyel enerji, enerji doniisimleri ve enerjinin korunumu
durumlarin1 géstermek amaciyla akilli tahta yardimi ile bir simiilasyon acar.

o Zamanlayicy(https://tr.piliapp.com/timer/countdown/#pause=2699545,al1=00:45:00):

Proje tasarimi sirasinda 6grenciler igin siire yonetimi kolaylig1 saglar.

o Aktivite Kagidi (EK — 1): Aktivite kagidi, proje tasarimi sirasinda 6grencilere dagitilarak
hedeflenmis olan miihendisligin dogasi yonlerini takip etmeyi kolaylastirir. Aktivite
kagidinda “miihendislik tasarimi siireci” adimlarini (problem tespiti, probleme yonelik
olas1 ¢ozlimleri arastirma, en iyi ¢oziimii bulma, ve modeli tasarlama, test etme ve
gelistirme) ve diger mithendisligin dogasi yonlerini (miihendislik kriterleri (demarcation
criteria), yaraticilik (creativity), gecicilik (tentativeness), Oznellik (subjectivity))

kapsayan sorular igermektedir.

OGRETIM SURECI

Ogretmen derse dgrencilerin 6n bilgilerini hatirlatarak baslar. Kuvvetin tamimi ve birimi;
kiitlenin tanimi ve birimi; agirligin tanimi ve birimi; agirligin da bir kuvvet oldugu; kiitle ve
agirlik kavramlarinin arasindaki farklar Ggrenciler ile soru-cevap yaparak on bilgileri
hatirlamalar1 hedeflenir. Hatirlanmas1 beklenen kisa bilgiler 6grencilerden alindiktan sonra

ogretmen tarafindan hazirlanmis olan slaytta da verilir.

179


https://www.fenehli.com/enerji-donusumleri-simulasyonlari/

Ogrencilerin 6n bilgileri alindiktan sonra 6gretmen, tatile gittikleri zaman havuza atlama
tahtasindan kendilerine havuza birakip birakmadiklarini sorar. Agirligi daha fazla olan ya da
daha yiiksek havuz tahtasindan atlayan bir arkadasi ile havuzdaki dalma derinliklerinde bir fark
olup olmayacag sorulur. Ogrencilerin fikirleri alindiktan sonra, potansiyel ve kinetik enerjiye

giris yapabilmek i¢in bir video izletilir.

Daha sonra 6gretmen, akilli tahtada potansiyel ve kinetik enerji ile ilgili bir simiilasyon agar.
Ogretmen ilk olarak kendisi gosterir, sonrasinda smiftan bir 6grencinin yardimi ile sinifca
alisirma yapilir. Bu simiilasyonda Ogrenciler kinetik ve potansiyel enerji tiirlerini

gozlemleyerek kavrar.

Fiziksel anlamda yapilan isin degeri, uygulanan kuvvetin siddetine ve cismin aldig1 yolun
biiyiikliigiine bagli oldugu agiklanir. Uygulanan kuvvetin siddeti ve cismin aldigi yol arttiginda
fiziksel anlamda yapilan isin degeri de artar. Yani isin degeri, uygulanan kuvvetin siddeti ve
cismin aldig1 yol ile dogru orantilidir. Uluslararas1 birim sistemine (SI) gore, isin birimi Joule

(J) diir.

p ‘i T—— Ogrencilere sabit bir duvara Kkuvvet
kuvvet uygulayan ogrencinin, fiziksel anlamda is
yapip yapmadigi sorulur. Ogrencilerin
tahminleri alindiktan sonra, Ogrencinin i
yapmis sayilmadigr acgiklanir. Ciinkii duvara
bir kuvvet uygulamasmna karsin duvar yol

almaz.

Uygulanan
kuvvet

Ogrencilere yerde duran sirt ¢antasini masasinin Alinan yol
tizerine ¢ikaran Ogrencinin, fiziksel anlamda is
yapip yapmadigi sorulur. Ogrencilerin tahminleri
alindiktan sonra, 6grencinin is yapmis sayildig
aciklanir. Cilinkii 6grencinin ¢antaya, masanin
tizerine c¢ikarmak icin uyguladigi kuvvet ile

cantanin aldig1 yol dikey dogrultudadir.
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Ogrencilerden de hem kinetik hem de potansiyel enerji tiirlerine giinliik hayattan drnekler
alindiktan sonra, Is yaparken enerji harcadigimiz ve enerjinin is yapabilme yetenegi oldugu
aciklanir. iki cesit enerji ¢esidi oldugu ve bunlarn kinetik ve potansiyel enerji olduklari
aciklanir (Kazamim 7.3.2.1.). Aym zamanda potansiyel enerjinin de kendi iginde ¢ekim

potansiyel enerjisi ve esneklik potansiyel enerjisi olarak iki ¢esidi oldugu aciklanir.

Kinetik Enerji: Cisimlerin siiratlerinden dolayr sahip oldugu enerjidir. Bu sebeple
kinetik enerjiye hareket enerjisi de denir. Ornegin; kostugumuzda, yiiriidiigiimiizde,
hareket halinde oldugumuzda vb. Bir cismin sahip oldugu kinetik enerji, o cismin
kiitlesine ve siiratine baglhidir. Cismin kiitlesi ve siirati arttikca sahip oldugu kinetik
enerji de artar.

Potansiyel Enerji: Kinetik enerjinin disinda bir de cisimlerin konumlarindan ve
esnekliklerinden dolay1 sahip oldugu potansiyel enerjileri vardir. Hareket halinde
olmasa da cisimlerin bazi1 konumlarindan ve esnekliklerinden dolay1 sahip oldugu
enerjiye potansiyel enerji denir. Potansiyel enerjinin de ¢ekim potansiyel enerjisi ve
esneklik potansiyel enerjisi olmak {izere iki kisimda incelendigi agiklanir. Belirli bir
yiikseklikte olan cisimlerin ¢ekim potansiyel enerjisi varken esnek maddelerin
esnekliginden dolay1 sahip oldugu esneklik potansiyel enerjisi vardir. Cekim potansiyel
enerjisi cismin agirligina ve bulundugu yiikseklige baghdir. Cisimlerin agirligi ve
bulundugu yiikseklik arttikca ¢ekim potansiyel enerjileri de artar. Esnek cisimlerin
gerilmesi ya da sikistirtlmasi sonucu sahip oldugu enerjiye esneklik potansiyel enerjisi
denir. Yayin cinsi, kalinligi, boyu, gerilme miktari esneklik ¢ekim potansiyel enerjisini

etkiler.

Enerji, 15, enerji ¢esitleri olan kinetik ve potansiyel enerji ile ilgili bilgiler verildikten sonra,
buna yonelik miithendislik tasarim siirecini kapsayan bir proje tasarlamalart icin 6grenciler
motive edilir (Kazamm 7.3.2.2.). Ogrencileri problem tespiti yapmaya ydneltmek amaciyla

asagidaki senaryoyu verir.
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Bir zamanlar, tiim hayvanlarin dost¢a ve huzurlu bir sekilde yasadig biiyiik bir orman
varmig. Fakat son zamanlarda bu ormanda yasayan birka¢ hayvan arasinda stirekli
kavga ¢ikar ve ormanda biiyiik bir huzursuzluk hakim olur. Ormanda yasayan diger

hayvanlar bu sorun i¢in bir ¢éziim arayisina girerler,

—
bir araya gelerek akillarina gelen fikirleri paylagirlar. S = §
Bir¢ok ¢oziim onerisinden sonra ormamin kralini (w | — >

D _

se¢cmeye karar verirler. Kavga eden at, ziirafa, tilki, ay,
kartal ve yilan arasindan birini ormanmin krall
sececeklerdir. Bu durumu kavga eden bu hayvanlara
aciklarlarve onlar da kabul eder. Peki bu se¢im nasil
olacak? Kavga eden alti hayvan kendi kulesini insa
edecek ve onlara verilen topu kulelerinin en yiiksek
noktasindan yere birakacaklar. Boylece topun yere ulastiginda hizi en fazla olan hayvan
ormanin krali olacak ve orman eski huzuruna kavusacaktir. Ancak, ormanin onlara
sagladigr olanaklar kisithidir, bu nedenle en az malzeme kullanarak bu kuleyi insa

etmelilerdir.

Ogretmen, hazirlanmis olan aktivite kagidini (Appendix-1) dagitir ve dgrenciler ders siirecinde
bu kagittaki adimlar takip eder. Ogrenciler, etkinlik sirasinda 4-5 kisilik gruplar halinde ¢alisir
ve kendi aralarinda rol dagilimi yaparak her 6grenci gorev alir. Ogrenciler, aktivite kagidinda
verilen miihendislik tasarim siirecini (Problem Tespiti, Probleme Yonelik Olas1 Coziimleri
Arastirma, En lyi C6ziim ve Model Tasarimi, Test Etme ve Gelistirme) sirastyla takip eder.
Ogrenciler verilen hikayeyi okuyarak, problemin ne oldugunu tespit eder. Her 6grenci kendisini
bir hayvana kendi kulesinin tasariminda yardimet olan birer miithendis olarak diisiiniir ve verilen
hikayede tespit ettikleri problemi bir miihendis olarak ¢dziim bulmaya calisir. Ogrencilerden
bulunmasi beklenen problem “Destekledikleri hayvani ormanin krali yapabilmek i¢in oyunu
kazanabilmesini saglayan en yiiksek, en az maliyetli ve dayanikli kuleyi tasarlamak” dir ¢iinkii
en yiiksekten birakilan topun yere ulastigindaki hizi en fazla olur. Ogrenciler, bulduklari
¢Ozimi en az maliyetli ve en dayanikli iiriine doniistiirmeleri igin (Kazanim 7.3.2.2.) aktivite
kagidindaki (Appendix-l) gerekli materyal listesini inceler. Tasarim siiresince Ogrenciler

tarafindan uyulmasi gereken bazi sinirlama ve kriterler bulunur. Bunlar;
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Kulenin boyu en az 15 cm olmali

Kule fan karsisinda en az 10 sn dayaniklilik gostermeli

Kule tasariminda en az 3 ¢esit malzeme kullanilmali

Kulenin {iistiine tenis topu koyuldugunda kule yikilmamali

Her gruba esit sayida makas, ip, bant, ve tenis topu 6gretmen tarafindan temin edilecektir.

Proje amacimin problem tespitindeki gibi en dayanikli, en yiiksek ve en az maliyetli kule
tasarlamak oldugu bir kez daha agiklanir. En yiiksek kuleyi tasarlayan hayvan, topunu kulenin
en iist noktasindan birakir ve topu yere ulastiginda hizi en fazla olur. Boylece topunu en biiyiik
hizla yere ulagtirdigindan dolayr ormanin krali olur. Gerekli materyal listesi incelendikten
sonra her grup en yiiksek, en az maliyetli fakat en saglam kule tasarimi igin gerekli malzemeleri
secer ve biitcelerini hesaplayarak aktivite kagidindaki (Appendix-l) uygun boliime yazar.
Ogretmen tahtada zamanlayici acarak projelerini 45-50 dakikalik siirede iiriinlerini
tasarlamalarmi ister. Ogretmen, {iriin tasarimi sirasinda gruplar arasinda gezerek dgrencilerin

iirlinlerini, stireci gézlemler ve rehberlik eder.

Ogretmen, projeleri test etmek amacl sinifta herkesin gorebilecegi uygun bir yere malzeme
listesinde yer alan fami yerlestirir. Uriin tasarimu siiresi bittikten sonra her gruptan bir 6grenci
projelerini tanitir ve fandan aymi uzaklikta yerlestirilmis olmasina ve fanin siddetinin ayni
olmasina dikkat edilerek tenis topunun diismedigi iirtinlerinin dayanikliligi kontrol edilir. Fan
karsisinda en uzun, en az maliyetli ve en uzun siire dayaniklilik gosterme kriterleri gz oniinde
bulundurularak her grubun toplam puani Tablo.1’deki degerlendirmeye gore hesaplanir.
Ornegin; 4 gesit malzeme kullanilarak 15 TL maliyetinde ve 20 cm uzunlugundaki kule fan
karsisinda 30 saniye dayaniklilik gostermis ise puani 3+2+3+3=11 dir. Boylece puan1 yani

dayaniklilig1 en fazla olan {iriiniin sahibi grup en basarili grup secilir.

Puan | Kulenin Boyu

3 >20 cm

0 15-20 cm

Puan | Dayamkhhk Siiresi

3 >20sn

2 15-20 sn

1 10-15 sn

Puan | Malzeme Cesidi

3 3-4 ¢esit malzeme kullanildi
1 5-6 ¢esit malzeme kullanildi
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Puan | Maliyetimiz

3 0-10 TL

2 11-20 TL

1 21-30 TL
Tablo.1

Olas1 projeler su sekilde olabilir;

Ogretmen proje tanitim1 ve testi sonrasinda her gruba bazi sorular sorar;

¢ Projenizde neden bu materyalleri kullandiniz? Ve materyalleriniz yeterli oldu mu?

e Tasarlamis oldugunuz kule fan karsisinda ne kadar siire dayaniklilik gosterdi?
Tasarlamis oldugunuz iiriiniin sonucundan memnun musunuz?

e Degisiklik yapsaydin daha uzun siire durabilmesi i¢in neleri degistirirdin?

e Tasariminiz diger gruplarin tiriiniinden farkli oldu mu? Neden?
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APPENDIX -H

KULE TASARIMI AKTIiVITE KAGIDI

Miihendis Ekibi:

Senaryo:

o ——

," Bir zamanlar, tiim hayvanlarin dost¢a ve huzurlu bir sekilde yasadigi biiyiik bir orman
varmig. Fakat son zamanlarda bu ormanda yasayan birka¢ hayvan arasinda stirekli
kavga c¢ikar ve ormanda biiyiik bir huzursuzluk hakim olur. Ormanda yasayan diger
hayvanlar bu sorun igin bir ¢éziim arayisina girerler, bir
araya gelerek akillarina gelen fikirleri paylasiriar.
Bir¢ok ¢oziim onerisinden sonra ormamin  kralin
se¢meye karar verirler. Kavga eden at, ziirafa, tilki, ay1,
kartal ve yilan arasindan birini ormanin krali
sececeklerdir. Bu durumu kavga eden bu hayvanlara

aciklarlarve onlar da kabul eder. Peki bu secim nasil
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I olacak? Kavga eden alti hayvan kendi kulesini insa
1

i edecek ve onlara verilen topu kulelerinin en yiiksek
1
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I noktasindan yere birakacaklar. Boylece topun yere ulastiginda hizi en fazla olan hayvan
! y . pun y stig fe y

1

i ormamn krali olacak ve orman eski huzuruna kavusacaktir. Ancak, ormamn onlara
1

‘\‘ sagladigr olanaklar kisithdir, bu nedenle en az malzeme kullanarak bu kuleyi insa

\
\\ etmelilerdir.
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Senaryoyu okudunuz. Tenis topunun hangi durumlarda kinetik ve potansiyel enerjiye

sahip oldugunu aciklaymiz.

Potansiyel Enerji:

Gorev: Senaryoyu okudunuz. Goéreviniz mithendis ekibiniz ile kendinizi ormandaki bir hayvani
destekleyen ve kulesinin insasina yardim eden birer miihendis olarak diisiinerek ona
yardimci olmak. Bu gorev kapsaminda asagida belirtilmis olan “Miihendislik Tasarim

Siireci” basamaklarini takip etmeniz beklenmektedir.

MUHENDISLIK TASARIM SURECI

4 . N

PROBLEME

TESTETME YONELIK OLASI
VE COZUNMLERI
GELISTIRME e

. - d
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A) Problem Tespiti

1. Yukarida anlatilmis olan hikayedeki problem nedir?

2. Hikayedeki problemi ¢6zmek i¢in yardim etseydiniz miihendis ekibin ile beraber hangi
alanda bir miihendis olmay1 tercih ederdin? (Ornek; makine miihendis, insaat miihendisi,

uzay miihendisi vb.)

B) Probleme Yonelik Olas1 Coziimleri Arastirma

3. Miihendis arkadaslarin ile beraber size verilen senaryodaki problemi buldun. Siradaki
gorevin, belirlemis oldugun problemi ¢6zmek i¢in destekledigin hayvanin ormanin krali
olmasini saglayacak en az maliyetli ve dayanikli kuleyi tasarlamak. Burada kulenin

boyunu nasil g6z 6niinde bulundurmaliy1z?

0 Kulenin boyu kisa olmalidir, ¢iinkii

Simdi size verilmis olan materyal listesine bakarak tasariminiz i¢in gerekli malzemeleri
se¢iniz ve toplam tutarinizi asagidaki bosluga yazimiz. Fakat bu basamakta miihendis
arkadaslarin ile beraber ¢6ziimleri arastirirken g6z 6niinde bulundurmaniz gereken bazi

kurallar asagida verilmistir.

188



e Kulenin boyu en az 15 cm olmali

e Kaule fan karsisinda en az 10 sn dayaniklilik géstermeli

e Kule tasariminda en az 3 ¢esit malzeme kullanilmali

e Tasarim sirasinda en fazla 30 TL kullanabilirsiniz

e Kaulenin iistiine tenis topu koyuldugunda kule yikilmamali

Malzeme L istesi

Miihendis Ekibinin Biit¢esi: 30 TL

Gruplarmn ortak kullanacaklari: Makas, Fan, Bant, Tenis Topu

Her grup kendi tasarimi igin;

e Tahta dil cubugu (0.50 TL/adet)
e Atas (0.25 TL/adet)
e Oyun Hamuru (1 TL/adet)

Paket Lastigi (0.20 TL/adet)
Kagit (0.10 TL/adet)
Pipet (0.50 TL/adet)

Malzeme

Tutari

Ornek: 5 Adet Tahta Dil Cubugu

5*050TL=25TL

TOPLAM TUTAR =
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C) En lyi Coziim

4. Gruptaki miihendis arkadaslariniz ile sectiginiz malzemeleri g6z onilinde bulundurarak

asagidaki kutuya kulenin tasariminizi ¢iziniz.

Liitfen kisa climlelerle ¢izmis oldugunuz kule tasarimi hakkinda bilgi veriniz.

D) Model Tasarimi, Test Etme ve Gelistirme

5. Simdi tasarim zamani! Tasarim i¢in miihendis arkadaslarinla birlikte 45 dakikaniz var.
Se¢mis oldugunuz malzemeleri kullanarak yukarida ¢izmis oldugunuz tasarimi meydana

getiriniz.
Geri Sayim Sayaci
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6. Tasarlamis oldugunuz kulenizin dayanikliligini 6gretmeniniz ve arkadaslarimiz ile

beraber test ediniz. Test ettikten sonra gdézlemleriniz sonucunda asagidaki bosluklar

doldurunuz.
Puan | Kulenin Boyu Puanmimiz
3 >20cm
0 15-20 cm
Puan | Dayamikhlik Siiresi Puanimiz
3 >20sn
2 15-20 sn
1 10-15 sn
Puan | Malzeme Cesidi Puanimiz
3 3-4 ¢esit malzeme kullanildi
1 5-6 ¢esit malzeme kullanildi
Puan | Maliyetimiz Puanimiz
3 0-10 TL
2 11-20 TL
1 21-30L

» Test etme siireci sonunda dayaniklilik gosterme kriterleri ile elde edilen toplam grup

puanimiz;

» Kulenizin test edilmesi sonucunda asagidaki durumlardan gézlemlemis olduklarinizi
isaretleyiniz.
Q Gruplar arasindaki en uzun kuleye sahip olan gruptuk.
Q Gruplar arasindaki en az maliyetli kuleye sahip olan gruptuk.
O Fanin siddetine ragmen kulenin iist kisminda bulunan tenis topu yere  diismedi.

O Fanin siddetine ragmen tasarlamig oldugumuz kule yikilmadi.
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7. Kule tasariminiz sirasinda derste 6grenmis oldugunuz kavramlardan (potansiyel enerji,

kinetik enerji, is vb.) nasil yararlandiniz?

8. Tasarimi bitmis olan miihendislik projelerinde daha iyi sonuca ulasmak igin gerekli
degisiklikler yapilabilir mi? Ornegin, ekip olarak tasarlamis oldugunuz kulenin
tasarimindan memnun musunuz? Daha basarili sonug¢ elde etmek i¢in derste 6grenmis
oldugunuz kavramlardan (potansiyel enerji, kinetik enerji, is vb.) hangilerinde ne gibi
degisiklikler yapmalisiniz? Ya da kullanmig oldugunuz malzemelerde degisiklik olmasi

gerekir mi?

9. Belirli bir problemi ¢6ziime kavusturmak igin “en iyi” ve “tek” tip ¢6ziim var midir?
Yoksa bulunan ¢dziimler farklilik gosterir mi? Ornegin, ekip olarak tasarlamis oldugunuz
kule diger gruplarin kulelerinden farkli oldu mu? Farkli olduysa neden farkli, ayni

olduysa neden ayn1 oldugunu agiklaymiz.
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10. Tasarlanmis olan bu kule ile tespit etmis oldugunuz probleme karsi olumlu bir sonug

elde ettiniz mi? Agiklayiniz.
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APPENDIX-I

“PARASUT TASARIMI” DERS PLANI
Sinif Seviyesi: 7. Sinif
Unite: 7.3. Kuvvet ve Enerji / Fiziksel Olaylar
Konu: 7.3.3. Enerji Doniistimleri
On Bilgiler: Ogrenciler;

e Kuvvetin tanimi ve birimi (F.4.3.1. Kuwvetin Cisimler Uzerindeki Etkileri/ F.5.3.1.
Kuvvetin Olgiilmesi )

e Siirtlinme Kuvveti (F.5.3.2. Siirtiinme Kuvveti)

e Kiitle ve Agirhik (F.7.3.1. Kiitle ve Agirlik Iliskisi)

e Kinetik enerji, ¢ekim potansiyel enerjisi, esneklik potansiyel enerjisi (F.7.3.2. Kuvvet,

Is ve Enerji Iliskisi)
Kazanimlar

F.7.3.3.1. Kinetik ve potansiyel enerji tiirlerinin birbirine doniisiimiinden hareketle enerjinin

korundugu sonucunu ¢ikarir.
F.7.3.3.2. Siirtiinme kuvvetinin kinetik enerji tizerindeki etkisini 6rneklerle agiklar.

F.7.3.3.3. Enerji doniisiimleri ile iliskilendiren probleme (potansiyel enerjinin kinetik enerjiye

doniistligli bir parasiit tasarimi) yonelik {i¢ boyutlu bir proje tasarlar.

F.7.3.3.4. Miihendisligin dogas1 yonlerini (miihendislik tasarim siireci, miihendislik kriterleri
(demarcation criteria), yaraticilik (creativity), gegicilik (tentativeness), Oznellik

(subjectivity)) agiklar.
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Kullanilacak Materyal ve Teknoloji Destekleri

e Bilgisayar ve projeksiyon cihazi, ya da akilli tahta : Konu ile ilgili hazirlanmis slayti
ogrencilere gostererek dersin takibini kolaylastirmak ve proje tasarimi sirasinda
Ogrencilere zaman yonetiminde kolaylik saglayan zamanlayiciy1r gosterebilmek igin

kullanilir.

o Konu ile ilgili hazirlanmis slayt (https://prezi.com/wagf8m_zyprhb/parasut-tasarimi/ ):

Hem 6gretmen hem de 6grenciler igin ders takibini kolaylastiran slayt, konu ile ilgili bir
problem, konu ile ilgili video, proje tasarimi igin gerekli materyallerin listesi,
zamanlayici ve olasi projelerin gorsellerini igermektedir.

e Simiilasyon (https://www.fenehli.com/enerji-donusumleri-simulasyonlari/) : Ogretmen,

Kinetik enerji ve potansiyel enerji, enerji doniisiimleri ve enerjinin korunumu
durumlarin1 géstermek amaciyla akill tahta yardimi ile bir simiilasyon acar.

o Zamanlayicyhttps://tr.piliapp.com/timer/countdown/#pause=2699545,al1=00:45:00):

Proje tasarimi sirasinda dgrenciler igin siire yonetimi kolaylig1 saglar.

o Aktivite Kagidi (EK —1): Aktivite kagidi, proje tasarimi sirasinda 6grencilere dagitilarak
hedeflenmis olan miihendisligin dogas1 yonlerini takip etmeyi kolaylastirir. Aktivite
kagidinda “miihendislik tasarimi siireci” adimlarini (problem tespiti, probleme yonelik
olas1 ¢ozlimleri arastirma, en iyl ¢oziimii bulma, ve modeli tasarlama, test etme ve
gelistirme) ve diger mithendisligin dogasi yonlerini (miithendislik kriterleri (demarcation
criteria), yaraticilik (creativity), gecicilik (tentativeness), Oznellik (subjectivity))

kapsayan sorular icermektedir.

OGRETIM SURECI

Ogretmen, derse 6grencilerin &n bilgilerini hatirlatarak baslar. Is ve enerji kavramlar1 ve giinliik
hayattan 6rnekler; enerji ¢esitleri (kinetik ve potansiyel enerji (¢ekim potansiyel ve esneklik
potansiyel enerji)) ve Ornekler hakkinda &grenciler ile soru-cevap yaparak On bilgileri
hatirlamalar1 hedeflenir. Hatirlanmas1 beklenen kisa bilgiler 6grencilerden alindiktan sonra

ogretmen tarafindan hazirlanmis olan slaytta da verilir.

Ogrencilerin 6n bilgileri alindiktan sonra 6gretmen, dogada bulunan helikopter tohumlarmin

(helicopter seeds) resmini gostererek bunlar hakkinda bilgileri olup olmadigini1 sorar.
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Sonrasinda helicopter tohumlarinin agaclarin yapmis oldugu riizgarlar nedeni ile yere diiserken
izerlerindeki tohumlari yere diigiirmeleri ile ilgili video izletir. Aga¢ dalinda asili halde bulunan
helikopter tohumlarinin ilk olarak ¢ekim potansiyel enerjilerinin oldugu, fakat yere diismesi

sirasinda kinetik enerjilerinin oldugu 6grencilere agiklanir.

Daha sonra 6gretmen, akilli tahtada potansiyel ve kinetik enerji, enerji doniistimleri ile ilgili bir
simiilasyon acgar. Ogretmen ilk olarak kendisi gosterir, sonrasinda smniftan bir 6grencinin
yardimi ile smifca alistirma yapilir. Bu simiilasyonda 6grenciler kinetik ve potansiyel enerji

tiirlerini ve birbilerine dontlistimiinii gozlemleyerek enerji korunumunu kavrar.

Ornekte de goriildiigii gibi, bir cismin sahip oldugu potansiyel enerji ya da kinetik enerjinin
birbirine dontisebildigi agiklanir (Kazamim 7.3.3.1.). Enerjinin yok olmadan bir tiirden bagka
bir enerji tiiriine doniistiigii ve buna enerji doniistimii dendigi agiklanir. Ve ayni zamanda enerji
tirtiniin ad1 degisse de cismin sahip oldugu toplam enerjinin korundugu ve buna enerjinin
korunumu olarak adlandirildigr agiklanir. Giinliikk yasamdan 6rnekler verilir. Ornegin; barajda
biriktirilen suyun, yiiksekliginden dolay1 sahip oldugu ¢ekim potansiyel enerjisinin kapaklar
acildiktan sonra suyun asagiya dogru akmasindan dolay:1 suyun potansiyel enerjisinin azalarak
sliratinin artmasindan dolay: Kinetik enerjisinin artmasi, ya da bir futbolcunun futbol topuna
vurdugunda top ylikselirken topun potansiyel enerjisinin artmasi fakat Kinetik enerjisinin
azalmas1 veya top yere diiserken de yiiksekligi azaldigi i¢in topun potansiyel enerjisinin

azalirken siirati arttig1 i¢in kinetik enerjisinin artmasi vb.

Enerji dontisiimlerine ek olarak, kinetik enerji {izerine etkisi olan siirtiinme kuvvetinden
bahsedilir (Kazanmim 7.3.3.2.). Sirtinme kuvveti, hareketli cisimlerin siiratini azaltarak
cisimlerin yavaslamasina ya da durmasma sebep olur seklinde agiklanir. Ornegin; bir topa
vuruldugunda belirli bir siire sonra topun durdugu ciinkii stiratle hareket eden ancak siirtiinme
kuvvetinin etkisiyle topun siirati azalir ve kinetik enerjisi azalmaya baglar. Siirtiinme kuvveti
olan su direncine ise belli bir hizla giden siirat teknelerinde motor kapatildiginda teknenin bir
stire sonra durmas1 0rnegi verilir. Bunun sebebinin ise suyun tekneye uyguladig: siirtiinme
kuvveti olan su direncidir, bu nedenle su direncini azaltmak igin teknelerin ug¢ kisimlart sivri
yapilmasi agiklanir. Siirtiinme kuvveti olan hava direncine ise yere hizla ¢carpmasini engelleyen
parasiit 6rnegi verilir. Hava siirtlinmesi olan hava direncinin parasiit¢iiniin siiratinin artmasina
engel olarak parasiit¢iiniin kinetik enerjisi artmasini engeller ve parasiitcii sert bir inis yapmamis

olur olarak agiklanir.
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Enerji doniisiimleri ile ilgili bilgiler verildikten sonra, buna yonelik miihendislik tasarim
stirecini kapsayan bir proje tasarlamalari i¢in 6grenciler motive edilir (Kazanim 7.3.3.3.).

Ogrencileri problem tespiti yapmaya yoneltmek amaciyla asagidaki senaryoyu verir.

Bir zamanlar, tiim hayvanlarin dost¢a ve huzurlu bir sekilde yasadig: kiiciik bir kasaba
varmis. Bu kasabada yasayanlardan biri de yumurtasindan ¢ikmasini bekledigi minik
civeivi ile yasayan tavukmus. Kasabanin bir de sinsi ve kurnaz bir tilkisi varmis. Bir giin
bu tavugun kuliibesine bu sinsi tilki girmis ¢tinkii amaci
yumurtayr ¢alip kendine aksam yemegi yapmakmis.
Anne tavuk ne yapip edip yumurtasini evden kagirmali
tilkiye yem etmemeliymis. Diistinmiis diisiinmiis... Ve o
an aklina bir ¢oziim yolu gelmis. Hemen bir paragiit

yapmall ve yumurtasint paragiitiin icine yerlestirerek

onu kuliibeden uzaklastirmaliymis. Fakat bu paragiit
oyle bir parasiit olmaliymis ki yumurtayr saglam bir
sekilde yere indirmelidir. Ancak, anne tavugun evindeki malzemeler parasiit yapmak i¢in

stmirlidir, bu nedenle en az malzeme kullanarak bu paragiitii tasarlamalidur.

Ogretmen sonrasinda hazirlanmus olan aktivite kagidin1 (Appendix-K) dagitir ve 6grenciler ders
siirecinde bu kagittaki adimlar sirasiyla takip eder. Ogrenciler, etkinlik sirasinda 4-5 kisilik
gruplar halinde calisir ve kendi aralarinda rol dagilimi yaparak her Ogrenci gorev alir.
Ogrenciler, aktivite kagidinda verilen miihendislik tasarim siirecini (Problem Tespiti, Probleme
Yoénelik Olast Coziimleri Arastirma, En lyi Coziim ve Model Tasarimi, Test Etme ve
Gelistirme) sirasiyla takip eder. Ogrenciler verilen hikayeyi okuyarak, problemin ne oldugunu
tespit eder. Ogrenciler, kendilerini birer miihendis olarak diisiiniir ve tespit ettikleri probleme
bir miihendis olarak ¢dziim bulmaya c¢alisir. Ogrencilerden bulunmasi beklenen problem
“Yumurtay1 yere kirilmadan ulastiran en az maliyetli fakat en dayanikli parasiitii tasarlamak™
dir. Bulduklar1 ¢6ziimii en az maliyetli ve en saglam {irline doniistirmeleri igin (Kazanim
7.3.3.3.) gerekli materyal listesi dagitilmis olan aktivite kagidinda (Appendix-K) yer

almaktadir. Tasarim siiresince Ogrenciler tarafindan uyulmasi gereken bazi smirlama ve

kriterler bulunur. Bunlar;

e Yumurta yere saglam bir sekilde ulagmali

e Parasiit tasariminda en az 3 ¢esit malzeme kullanilmali
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e Tasarim sirasinda en fazla 100 TL kullanabilirsiniz

Her gruba esit sayida makas, ip ve bant 6gretmen tarafindan temin edilecektir.

Proje amacinin problem tespitindeki gibi en dayanikli ve en az maliyetli parasiit tasarlamak
oldugu bir kez daha ag¢iklanir. Yani tasarimdaki amacin dis etmenlere ragmen insa edecekleri
parasiit i¢indeki yumurtay1 yere kirtlmadan ulastiracak en saglam ve en az maliyetli sekilde
tasarlamak oldugu agiklanir. Gerekli materyal listesi incelendikten sonra her grup, en az
maliyetli fakat en saglam parasiit tasarimi i¢in gerekli malzemeleri secer ve biitgelerini
hesaplayarak aktivite kagidindaki (Appendix-K) uygun béliime yazar. Ogretmen, tahtada
zamanlayic1 agarak projelerini 45-50 dakikalik siirede iiriinlerini tasarlamalarini ister.
Ogretmen {iriin tasarimi sirasinda gruplar arasinda gezerek Ogrencilerin iiriinlerini, siireci

gozlemler ve rehberlik eder.

Uriin tasarimu siiresi bittikten sonra, projeleri test etmek amagli her gruptan bir 6grenci
projelerini tanitmak i¢in tahtaya c¢ikar. Her grubun projelerini esit yiikseklikten serbest bir
sekilde birakmalarina dikkat edilir. Belirli ylikseklikten birakilan parasiitlerdeki duruma gore
her grubun toplam puami Tablo.2’deki degerlendirmeye gore hesaplanmir. Ornegin; 4 gesit
malzeme kullanilarak yapilan 15 TL maliyetinde olan parasiit igerisindeki yumurtanin
kirtlmamasi durumunda grubun puani 3+3+5=11 puandir. Bdylece puan1 yani dayaniklilig1 en

fazla olan tiriiniin sahibi grup en basarili grup secilir.

Puan | Yumurtanin Kirilma Durumu
5 Kirilmadi
0 Kirild1
Puan | Malzeme Cesidi
3 3-4 ¢esit malzeme kullanildi
2 5-6 ¢esit malzeme kullanild
1 7-8 cesit malzeme kullanildi
Puan | Maliyetimiz
3 0-35TL
2 36-70 TL
1 71-100 TL

Tablo.2
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Olasi projeler su sekilde olabilir;

Ogretmen proje tanitim1 ve testi sonrasinda her gruba bazi sorular sorar;

e Projenizde neden bu materyalleri kullandiniz? Ve materyalleriniz yeterli oldu mu?

e Tasarlamis oldugunuz parasiit yumurtayr saglam bir sekilde yere ulastirdi mi?
Tasarlamis oldugunuz iiriiniin sonucundan memnun musunuz?

e Degisiklik yapsaydin yumurtanin kirtlmamast i¢in neleri degitirirdin?

e Tasariminiz diger gruplarin tasarimindan farkli oldu mu? Neden?
References
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APPENDIX-J

PARASUT TASARIMI AKTIiVITE KAGIDI

Miihendis Ekibi:

Senaryo:

> ~

4
/' Bir zamanlar, tim hayvanlarin dost¢a ve huzurlu bir sekilde yasadigi kiiciik bir kasaba \\

varmig. Bu kasabada yasayanlardan biri de yumurtasindan ¢ikmasini bekledigi minik civcivi
ile yasayan tavukmus. Kasabanin bir de sinsi ve kurnaz bir
tilkisi varmuig. Bir giin bu tavugun kuliibesine bu sinsi tilki
girmis ¢tinkii amact yumurtayr ¢alip kendine aksam
vemegi yapmakmis. Anne tavuk ne yapip edip yumurtasini
evden kacirmall tilkiye yem etmemeliymis. Diisiinmiis
diistinmiig... Ve o an aklina bir ¢oziim yolu gelmig. Hemen

bir paragiit yapmali ve yumurtasini paragiitiin icine

yerlestirerek onu kuliibeden uzaklastirmaliymis. Fakat bu
paragiit oyle bir parasiit olmaliymis ki yumurtayr saglam bir sekilde yere indirmelidir.

Ancak, anne tavugun evindeki malzemeler parasiit yapmak i¢in sumirlidir, bu nedenle en az

o
B ———_

‘\\ malzeme kullanarak bu paragiitii tasarlamalidir. ’

-
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Senaryoyu okudunuz. Parasiitiin hangi durumlarda Kinetik ve potansiyel enerjiye sahip

oldugunu ac¢iklayimz. Uygun enerji doniisiimiinii secerek sebebini aciklayiniz.

Potansiyel Enerji:

Gorev: Senaryoyu okudunuz. Goreviniz mithendis ekibin ile kendinizi anne tavuga yardim

eden birer mithendis olarak diisiinerek ve ona yardimci olmak. Bu gorev kapsaminda

asagida belirtilmis olan “Miihendislik Tasarim Siireci” basamaklarini takip etmeniz
beklenmektedir.

MUHENDISLIK TASARIM SURECI

4 - N

PROBLEME

TEST ETME YONELIK OLASI
VE COZUMLERI
GELISTIRME ARASTIRMA

S ad
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A) Problem Tespiti

1. Yukarida anlatilmis olan hikayedeki problem nedir?

2. Hikayedeki problemi ¢ozmek i¢in yardim etseydiniz miithendis ekibin ile beraber hangi
alanda bir miihendis olmayi tercih ederdin? (Ornek; makine miihendis, insaat miihendisi,

uzay miihendisi vb.)

B) Probleme Yonelik Olas1 Coziimleri Arastirma

3. Miihendis arkadaslarin ile beraber size verilen senaryodaki problemi buldun. Siradaki
gorevin, belirlemis oldugun problemi ¢ozmek icin yumurtayr yere saglam sekilde
ulastiran en az maliyetli fakat en saglam parasiitii tasarlamak. Burada siirtiinme kuvveti

olan hava direncini nasil goz onilinde bulundurmaliy1z?

U Hava direnci az olmalidir, ¢linkii

Simdi size verilmis olan materyal listesine bakarak tasariminiz i¢in gerekli malzemeleri
seciniz ve toplam tutarinizi agagidaki bosluga yaziniz. Fakat bu basamakta miihendis
arkadaslarin ile beraber ¢6ziimleri arastirirken g6z 6niinde bulundurmaniz gereken bazi

kurallar agagida verilmistir.
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¢ Yumurta yere saglam bir sekilde ulasmali

e Parasiit tasariminda en az 3 ¢esit malzeme kullanilmali

e Tasarim sirasinda en fazla 100 TL kullanabilirsiniz

Malzeme L istesi

Grup Biitcesi: 100 TL

Gruplarin ortak kullanacaklari: Makas, Ip, Bant, Yumurta

Her grup kendi tasarimi icin;

e Kiirdan (2 TL/adet)

e Poset (15 TL/adet)

e Pipet (3 TL/adet)

o Paket Lastigi (5 TL/adet)

e Makarna (3 TL/adet)

e Plastik Bardak (10 TL/adet)
e Balon (20 TL/adet)

e Kagit (6 TL/adet)

Malzeme

Tutar1

Ornek: 5 Adet Kiirdan

5*2TL=10TL

TOPLAM TUTAR =
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C) En Iyi Céziim

4. Gruptaki miithendis arkadaslarimiz ile sectiginiz malzemeleri goz Oniinde

bulundurarak agagidaki kutuya parasiitiin tasariminizi ¢iziniz.

Liitfen kisa climlelerle ¢izmis oldugunuz parasiit tasarimi hakkinda bilgi

veriniz.
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D) Model Tasarimi, Test Etme ve Gelistirme

5. Simdi tasarim zamani! Tasarim i¢in miihendis arkadaslarinla birlikte 45
dakikaniz var. Se¢mis oldugunuz malzemeleri kullanarak yukarida c¢izmis

oldugunuz tasarimi1 meydana getiriniz.

Geri Sayim Sayaci

00:45:00 =

6. Tasarlamis oldugunuz parasiitiiniiziin dayanikliligini  6gretmeniniz  ve
arkadaslariniz ile beraber test ediniz. Test ettikten sonra goézlemleriniz

sonucunda asagidaki bosluklart doldurunuz.

Puan | Yumurtanin Kirilma Durumu Puanimiz
5 Kirilmadi

0 Kirildi

Puan | Malzeme Cesidi Puanimiz
3 3-4 ¢esit malzeme kullanild

2 5-6 ¢esit malzeme kullanildi

1 7-8 cesit malzeme kullanildi

Puan | Maliyetimiz Puanimiz
3 0-35TL

2 36-70 TL

1 71-100 TL

» Test etme siireci sonunda en az maliyetli ve yumurtanin kirilip kirilmama

kriterleri ile elde edilen toplam grup puanimiz;
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» Parasiitiiniiziin  test edilmesi sonucunda asagidaki durumlardan
gozlemlemis olduklarinizi isaretleyiniz.
Q Gruplar arasindaki yumurtayr saglam seckilde yere ulastiran gruplar
arasindaydik.

Q Gruplar arasindaki en az maliyetli parasiite sahip olan gruptuk.

7. Paragiit tasariminiz sirasinda derste Ogrenmis oldugunuz kavramlardan
(potansiyel enerji, kinetik enerji, hava direnci vb.) nasil yararlandiniz? Enerji

dontigiimii durumu oldu mu? Eger olduysa hangi enerji dontisiimii gergeklesti?

8. Tasarimi bitmis olan miihendislik projelerinde daha iyi sonuca ulagmak icin
gerekli degisiklikler yapilabilir mi? Ornegin, grup olarak tasarlamis oldugunuz
parasiitiin tasarimindan memnun musunuz? Daha basarili sonug elde etmek i¢in
derste 6grenmis oldugunuz kavramlardan (potansiyel enerji, kinetik enerji, hava
direnci vb.) hangilerinde ne gibi degisiklikler yapmalisiniz? Ya da kullanmis

oldugunuz malzemelerde degisiklik olmas1 gerekir mi?



9. Belirli bir problemi ¢dziime kavusturmak icin “en iyi” ve “tek” tip ¢6ziim var
midir? Yoksa bulunan ¢dziimler farklilik gosterir mi? Ornegin, grup olarak
tasarlamis oldugunuz parasiit diger gruplarin parasiitlerinden farkli oldu mu?

Farkli olduysa neden farkli, ayni olduysa neden ayn1 oldugunu agiklayiniz.

10. Tasarlanmis olan bu parasiit ile tespit etmis oldugunuz probleme karsi olumlu

bir sonug elde ettiniz mi? Agiklaymiz.
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APPENDIX-K

Ogretim Siireci Gézlem Raporu

Ogretmen: Sinif Diizeyi:

Dersin Konusu: Tarih:

1. Derse/konu anlatimina baslama:
D Onceki konu/kavramlar ile baglanti kurma

I:I Ogrencilerin derse/konuya ilgisini artirma

2. Dersin amag ve igerigini vurgulamak i¢in yapilanlar:
D Dogrudan agiklama
I:] Ogrencilerin kesfetmesini saglama

D Ogrenci merkezli aktiviteler

I:I Diger yollar (tanimlayIniz)............c.veeuiuiiiniiiiii e

3. Ders siirecinde kullamlan 6gretim stratejileri:
D Diiz anlatim EI Gosteri
I:l Tartigma I:I Ogrenci aktivitileri
D Gorsel ve isitsel destekli sunum D Grup caligmast

4. Derste verilen fen kavramlarinin:
D Giinliik yasamla ve 6grencilerin ilgi alanlartyla iliskilendirilmesi

D “Miihendislik Tasarim Siireci” ile iliskilendirilmesi

5. Ders siirecinde kullanilan arac-gerecler:

D Ders kitaplari D Ses ve video kayztlari

I:I Ek kaynak kitaplar I:I Somut arag-gerecler

D Caligma yapraklari EI Slaytlar

D Filmler D Ornekler ve modeller

I:I Bilgisayarlar I:I Diger (tanmimlayiniz)..................
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6. Dersin bitirilmesi;

I:I Ozet

I:I Elde edilen son iiriin /projelerin test edilmesi ve yeniden diizenlenmesi

I:I Konuyla ilgili 6dev verilmesi
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APPENDIX-N

DaivERSITY OF MEVADRA, Las VEGAs

June 8, 2019

To Whom It May Concern,

Amny researcher who would like to use the Views of Nature of Engineering (VINOE)
questionnaire can do so with the following citation

Yesilyurt, E., Deniz. H., & Kaya, E. (2019, January). fmproving upper elementary
students ' nature of enginesring views with an enginesring dssign experience. Paper
presented at the annnal meeting of the Association for Science Teacher Education
(ASTE). Savannah Georgia.

Please do not hesitate to contact me if you have any questions or need any additional

Sincerely,
Bﬂ-j iH ]

Ezgi Yesilyurt, Ph D. Candidate/Graduate Assistant
Department of Teaching & Learmng. CEB 3997

University of Nevada, Las Vegas

4505 Maryland Parkway, Box 453005

Las Vegas, NV 891543005

ezgi yesityurt@unlv.edu 702-978-06-36 Office: T02-805-1540

Bax 453006 * 4305 5. Maryland Parkway » Las Vegas, NV B9154-3005 » Tel: 702-895- 1540 = Fau: FO2-8W5- 4898
wnwinh.edn
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APPENDIX-O

>> <berna gvdosan@metu edu 1> adresine sahip kullanic1 17 Eki 2018 Car, 22:47
=> tarihinde sunu yazdi:

A
W

=== Sayin Bekir Hocam,

>

=>> Ben Berna Aydogan. Orta Dogu Teknik Universitesi Matematik ve Fen
==> Bilimler1 Egitimi Bolimii/Fen Bilimler: Egitimi progranu yiiksek lisans
=== ggrencistyim. Prof. Dr. Jale Cakiroglu damismanhiginda "The Effects of
=>> Engineering Design Based Activities On Students’ Nature of Engineering
=== View and Motivation" adli tez calismamn yiiriitmekteyim. "Adaptation of
==> STEM Attitude Scale to Turkish" adli calismanizi inceleme firsatim

=>> oldu. Jale Hoca sayesinde "Ortaokul Ogrencilerinin STEM'e (S-STEM)
=== Karst Tutumu" adli 6lgegi de mceledim. Bu dlgeg kendi tez calismamda
== referans vermek kaydiyla izninizle kullanmak istiyorum. Yardimei

=== olursamz mutlu olurum, 1y1 calismalar.

>

=>> Saygilarimla,

>>> Berna AYDOGAN

e

v

P

httpa:ifhorde metu.edu trlimpiview_php?view_token=K4Z TyeRzSArbByiBEKmFUyX &actionlD=print_attach&buid=4395&id=2&mailbox=SUSCT1g8

22 102018 Re: "Ortackul Odrencilerinin STEM'e (S-STEM) Kargi Tutumu® f)lgek Izini
P
g
== -
>> Yrd. Dog. Dr. Bekir YILDIRIM
=> Mus Alparslan Universitesi, Egitim Fakiiltesi
=> Fen Bilgisi Ogretmenligi
== Tel: 0553 622 21 16

22.10.2018 Re: "Ortaokul Odrencilerinin STEM'e (S-STEM) Karg Tutumu” Olgek Izini

Tarih: 21-18-2018 [22:38:57 +03]

Kimden: bekir yildirim <bekirS8bekirfgmail.com>

Kime: berna.aydogan@metu.edu.tr

Konu: Re: "Ortackul Ofrencilerinin STEM'e (5-STEM) Karsi Tutumu" Olcek Izini

Sayin hocam &lgegi etik kurallar dahilinde kullanmanizda hi¢bir sakinca bulunmamaktadir.
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